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Intloduction 

During the past three decades studies in soil biology have niadi' 
many fundamental facts connected vAth soil fertility, lii fart, it is now rrr 
ogni^'cd that the biological factors imohaal in soil cinmgcs aiv of so iiuicli 
importance that they can not be overlooked in a careful sUulv of aiiv voil 
problem. The soil biologist, realizing as he does the coniplcxily of fac- 
tors involved, has been more or less gratified with the progress thus far 
made. To the non-biological student of soils, or to llie lavinan, tlu‘ pro- 
gress made by the biologist in solving fertility problems has ]U)t been at! 
lliat was hoped for. The ])rincipal reason lor this latter condition lio in the 
fact that little or no correlation has been sliown to exist between the bio- 
logical conditions as measured in the laboratory, and the facts as oli^erved 
under field conditions; such, for example, as the cro])-pro(iucing ])ower of 
the soil. Some have attributed this lack of correlation, pcrha]>s justly, to 
the inadequacy of methods employed by the biologists to delect or niea- 
Hire. existing conditions. Perhaps a truer explanation is that the hiologist, 
realizing the insiifd deucy of available knowledge, has been uiuvilling even 
to attempt an application of it to practical conditions. On the other liantl. 
the casual student is left to w^ander unguided in the maze of conniding 
j^tatements regarding the role of biological phenomena in tertihty jurib- 
lems. 
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In an effort to overcome this rather unsatisfactory state of our present 
knowledge, several soil biologists have recently attempted to show the re- 
lation existing between certain biological phenomena and fertility. We 
may cite as among the most prominent efforts along this line the work of 
Hiltner and Stormer (9), Russell and Hutchinson (24), Stevens and 
Withers (26), Lipman (17), Vogel (31), Lyon, Bizzell and Conn (20), 
Ashby (2), Brown'(4), and Kellerman and Allen! (13). In many case a re- 
markably close agreement has been noted. Sufficient data are in many 
cases available to indicate rather strongly that the correlation is not inci- 
dental. 

Of the many factors that have received more or less attention, with a 
view to ascertaining their relation to fertility, the power to produce nitrate 
nitrogen or nitrification has received the most study. Th^ reasons for this 
are evident. In the first place, available nitrogen is more often than any 
other the limiting element in plant growth. For many years nitrate nitro- 
gen was regarded as the only form available for the metabolism of higher 
plants, legumes excepted, and it is still looked upon as being the most 
available source for the major portion of our species of economic import- 
ance. We should remember, however, that it is by no means the only 
form that can be assimilated. In fact, several recent investigations seem 
to indicate that, at least during certain stages of growth, other forms are 
used very largely by many important species. The theory offered by 
Russell and Hutchinson (24) to account for the beneficial effect of par- 
tially sterilizing soils upon subsequent plant growth therein, is based upon 
the assimilation of other forms of nitrogen— largely Or wholly ammonia. 

It is also an established fact that many species of higher plants flourish 
under conditions where, so far as present knowledge goes, nitrihca- 
tion is impossible — for example, lowland rice. Under many such condi- 
tions it has been shown experimentally that ammonium salts are more 
beneficial than nitrates. Such conditions, while normal for small isolated 
areas, do not obtain to an appreciable extent under American agricultural 
conditions. Besides, any evidence tending to show the utilization of nitro- 
gen in a form other than nitrates, only lends support to the hypothesis 
here advanced. Hutchinson and Miller (11) and Schreiner' and Skinner 
(25) have given excellent summaries of the experimental data as to the 
forms of nitrogen available for plant metabolism. 

In the following discussion we shall assume tliat nitrate nitrogen is the 
form required agriculturally. If other forms normally found in tlie soi 
can be assimilated, and we have just mentioned the fact that such is un- 
doubtedly true in certain soils, nitrification is certainly non-essentia an 
may even become economically harmful in that nitrogen in the form o 
nitrates is readily lost through drainage. 
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With the above assumption in mind it does not look unreasonable to 
expect to find a correlation existing between the nitrifying power of a 
soil and its ability to support vigorous plant growth. In fact, there is 
abundant evidence now available to show that such a correlaiion does 
exist. Vogel (31) is summing up his data on this particular point says: 
'‘Die Grosse des Produktionskraft dcr untersuchtcn Bdden in direkteni 
berhahnis steht zur Grosse der nitrifuiereiulen Encrgie.” Likewise 
Lipman (17), after presenting evidence to show the existence of the 
above mentioned correlation, says: “I believe that a soil's nitrifying 
power, whether it be the cause or effect, is one of the prime factors in 
determining a soil's power to produce.'’ Ashby (2), Stevens and Withers 
(26), Given (8), Brown (4), and Kellerman and Allen (13) also have 
called attention to the association of high nitrifying power and high ])rO' 
ductivit 3 ^ In Table 1 the writer also submits evidence to show that such 
a correlation exists in soils studied by him. 

These results were secured from plots all located on the same soil 
type and of as uniform character as could be secured. The greatest dis- 
tance between any two plots was not more than 85 yards. Tlie nitrify- 
ing power of the various plots was tested by several different methods, 
but gave uniform results. The figures reported are for only one method 
and represent the average of 4 analyses for 1913 and 5 for 1914. It is 
not necessary to enter into any description of methods used or of other 
characters of the soil, except to say that the differences exhibited have 
been brought about either by varying the cropping system or method of 
treatment. As mentioned above, the soil was of uniform character \Ylien 
the present system of treating was begun 25 years ago. We would call 
special attention to a comparison between Idots 9 and 10, 17 and 18, and 
22 and 23, the two plots in each instance adjoining and seeded to the 
same crop. The only difference in each case was an annual application 
of stable manure to one and nothing to the other. Such evidence seems 
to indicate clearly one of three things ; high fertility is the result of a high 
nitrifying power; high nitrification is a result of high fertility; or both 
are the result of common factors. 

In none of the above-mentioned papers does the author attribute the 
correlation definitely to any one of the three possibilities. Henvever, the cas- 
ual student, perhaps unfamiliar with the facts and realizing the refie played 
by nitrifying processes in rendering nitrogen available, i.s likely to con- 
clude that fertility is more or less limited by the processes of nitrifica- 
tion. In fact, the statements quoted above would indicate that soil biolo- 
gists themselves believe such to be true. Certain facts brought to light in 
connection with other investigations carried on by the writer during the 
past few years, bear directly upon the significance of this correlation. In 
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the following pages it is proposed to present these facts together with a 
general review of investigations, reported by several others, which are 
directly connected with the same problem. 

In this discussion we shall use the term nitrification in its correct 
sense: namely, to mean the oxidation of ammonia nitrogen (or other 
simple nitrogenous compounds if such bi^ possible^ to nitrile nitrogen and 
thence to nitrate nitrogen or, if possible, directly to nitrate nitrogen. The 
hydrolytic and oxidation processes through Avhich ammonia is liberated 
from the protein molecule or other complex compounds is often wrongly 
included in the processes of nitrification. 

It is not the wish to detract one iota from the value or even necessity 
of nitrification as a factor in soil fertility. W e believe, however, and shall 
attempt to show that fertility in normal agricultural soils, in so far as 
nitrate nitrogen is the limiting factor, is limited by those analytical pro- 
cesses necessarily preceeding nitrification rather than by nitrificatio) it- 
self. 

With the exception of the small amounts of nitrates and ammon-am 
salts, and a few other less important forms applied as fertilizers, all the 
nitrogen utilized agriculturally (legumes excepted) must be derived from 
organic sources. As far as our knowledge now goes regarding the trans- 
formation of organic nitrogen into nitrate nitrogen, the processes of nitri- 
fication must be preceded by those of ammoniftcalion or the splitting up 
of tlie complex molecules containing nitrogen with the ultimate liberation 
of ammonia. These facts being true, in order to prove in any given case 
that productivity’^ or fertility is not limited by nitrification, it is necessary 
only to show that the processes of am mollification do not proceed more 
rapidly than those of nitrification. 

On first thought it might seem that this would be comparatively easy, it 
being necessary only’ to show whether or not ammonia nitrogen accumu- 
lates. On the one hand, if ammonia nitrogen does accumulate we would 
conclude that nitrification had not been proceeding as rapidly as amm-oui- 
fication. This, however, is not necessarily true. So far as the writer is 
aware, no cultivated soil has ever been reported that did not contain more 
or less ammonia nitrogen. Sometimes the quantity is very minute. ^ In 
fact, it is rarely ever taken into consideration by students of soil fertility- 
If past methods of analysis can be relied upon, the quantity of nitrogen 
present in soil in the form of ammonia may sometimes exceed that 
present as nitrates (3, 16). That ammonia nitrogen is always present, 
however, is true. We shall endeavor to show that this is true regardless 
of the vigor of the nitrifying flora and that the activity of these organisms, 
as well as it can be measured, controls the quantity of ammonia nitrog^ 
present only within certain limits. It appears, then, that for some 
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cal, chtmical or biological reason, or combination of reasons, the nitrify- 
ing organisms do not nitrify the last traces of nitrogen ])resent as am- 
inonia. The quantity of ammonia nitrogen present where nitritication is 
active varies with different soils and with the same soil under different 
conditions. Furthermore, when a quantitative determination of am- 
nionia is made by the methods now in vogue we do not know that the 
results secured represent ammonia nitrogen existing as such in the soil, 
or that the ammonia nitrogen existing in the soil is liberated quantita- 
tively. Therefore, we can not rely solely upon the presence of determin- 
able quantities of ammonia nitrogen as indicating inactivity on the part of 


the nitrifying flora, 

On the other hand^ tlic absence of an accumulation of ammonia is be- 
set with even greater difficulties of interpretation, owing to the various 
wavs in which it may disappear from soils otlier tlian through the pro- 
cesses of nitrification. For example, we know that certain soil, fungi 
and bacteria untilize ammonia nitrogen in their metabolism and may also 
possess the ability to transform it into other compounds without assimi- 
lation, though we arc not aware that sucli has ever been shown. The 
same is true of certain higher forms of plants. Also, \vc know that the 
various salts of ammonia are, as a rule, readily soluble in water and 
hence may be lost through drainage. We also know that soils seem to 
possess the ability to fix ammonia nitrogen in some rather stable form so 
that it can not readily be driven off by methods usually employed for its 
quantitative determination (22). Lastly, it may lie lost by volatillzalion. 
The quantities wffiich arc removed from the sphere of quantitative de- 
termination, by these different agencies are at the present time impossible 
of determination. Therefore, the absence of determinable quantities of 
ammonia nitrogen does not necessarily signify the equal' rapidity of the 
process of ammonia and nitrate formation. 

In order to be absolutely certain of an answer to the question under 
discussion we should, perhaps, be able to measure the influence of each 
of the above-mentioned factors separately. Obviously, such is impossi- 
ble. VVe believe, however, that by combining certain of these factors 
and measuring their gross influence we should be able to secure sufficient 
evidence to show, beyond reasonable doubt, the validity of our hypothe- 
sis. For example, if it can be shown that in normal cultivate soi s n 
Nation is active; that in such soils there is no abnormal accumulation of 
ammonia nitrogen; and that by eliminating the processes of nitrification 
otherwise not changing the soil, we secure an Tk ?ou 

ammonia nitrogen, w^e believe sufficient data will he avai ^ ^ ^ 
our assumption In the following pages wo shall attempt to show s .h 
to be possible. In so doing we shall not attempt to report a 1 a. able 
data. Only enough will be given in each instance to ear ou 
we wish to emphasize. 
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The Universal Existence of Active Nitrifying Orgakishs 
Cultivated Soils 

As mentioned above, in order to show that the processes of nitrifica- 
tion do not limit nitrate accumulation in normal cultivated soils it is of 
prime importance to show the existence of active nitrifying organisms in 
such soils. We admit that much of the evidence upon which we 
must base our conclusions may be unreliable. Owing to the difference 
of opinion regarding desirable methods for obtaining such data it is not 
for any one to say which are and which are not reliable. The only im- 
partial method under such conditions is to take all evidence at face value 
unless it is obviously in error. A few general precautions, however, are 
necessary in drawing far-reaching conclusions from the available data in 
this particular instance. 

For example, there are many data on record which in light of present 
knowledge were secured under conditions practically if not entirely in- 
hibitory to the processes of nitrification. Often nitrifying activity has 
been reported zero when other data accompanying or available show that 
active organisms were present. As an example of this latter condition 
we may mention the reporting of activity as zero when the soil at the be- 
ginning of the experiment contained large quantities of nitrate nitrogen. 
With the possible exception of the semi-arid soils of our w^estern states 
marked accumulation of nitrates in soils is impossible other than through 
the processes of nitrification. Yet this unquestioned fact is so far over- 
looked that a soil’s nitrifying ability is reported zero unless, under the 
particular experimeiital condition to which it is subjected, it shows an 
accumulation of nitrate. 

Likewise, other data arc on record secured undoubtedly under eondi- 
tions much more favorable for the processes concerned than those under 
which the soil in siiu existed. 

Still other soils are reported as devoid, deficient, or to possess good 
nitrifying power, the only basis for such assertions being the soil’s relative 
ability lo accumulate nitrates under field conditions. In such instances 
no cognizance is taken of the absolute absence of any definite knowledge 
as to the quantities of nitrates removed from the sphere of quantitative 
determination by the various active physical, chemical, and biological fac- 
tors. 

In this paper we have used as a criterion of the existence of active 
nitrifying organisms in a soil a measurable increase in nitrate nitrogen 
under the experimental conditions to which the soil was subjected. An 
effort has been made to review all the instances in American literature 
where such a criterion could be applied. It is not necessary to cite the 
literature or to mention the number, character, etc., of those soils showing 
nitrification. It is sufficient to say that they cover a very wide range of 
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normal conditions, soil types, states of fertility, territory (every state), 
well as a large number of experimental conditions. In this study we 
have located but one instance worthy of consideration wherein the ab- 
sence of nitrifying activity in soils approaching normal cultivated condi- 
tion has been reported, namely, the work of Stevens and Withers (27). 

It is true that Lipmaii (18) reports 3 soils which failed to nitrify, hut 
two of these were uncultivated and the third was impregnated with black 
alkali Sackett (29) also reports 4 out of 55 that failed to nitrify (5) ; 
three of these were uncultivated and the fourth was killed by niter trou- 
ble There are also a few other instances on record, but in all cases the 
soil was uncultivated or had been studied because of some very marked 
abnormal condition. 

Stevens and Withers (27) report a study of 40 soils, 60 per cent ot 
which failed to nitrify. Lohnis and Green (19) have pointed out that the 
failure to observe nitrification in this instance was prohaldy due to the 
methods employed. In support of this explanation we call attention to a re- 
oort several years earlier by Withers and Fraps (dd) in which 15 soils 
from the same state were studied, all of which nitrified. Kcllcrnian and 
Robinson (14) also report a study of 30 soils from Xorth Carolina, all ot 
■vhich nitrified. In a later report by Stevens and Withers (26) , m which / ) 

' ills were studied, they summarize as follows : “Every soil showed some 
iudficatlon by one or other of the methods, thus proving that m every 
oil there were living nitrifying organisms. Every method in one or mo, e 
astances failed to show nitrification, thus proving that no raethosi which 
vi used afforded satisfactory conditions for the activities ‘’''y™'' 
>lfx« in all the soils.^’ It seems evident therefore, that while Ste.ens 
Hid Withers failed to secure nitrification in a large number of soi s. siici 
failure was probably due to the particular expenmental condition and not 

to the absence of active organisms. ^ iu acid 

It mav be argued that nitrification ,s atisent or iinpossbk ac 

source is always organic. . i 

From the evidence now available it seems, uen, ^ becoming 
rated soils possess nitrifying organisms at ^ 

active. luirthermore. the facts presented 

follow, coupled with the enormous amount o ^ ^ ^ p ^ ^ gf 

of appreciable eiuantitic.s of nitrate nitrogen m sods th 1 

ivhich could be through the processes of 

strongly that these organisms are active the.r normal habitat. 

AM^to^n^ Nitrogen Content or Soils ^ 

Reliable data as to the <|uantilies of ammonia an 

are very meagre. Thi.s lack of data is due to the difficulties 
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accurate determination. As has often been pointed out, ammonia nitro 
gen is split off from many of the decomposition products of protein nitrch 
gen with relative ease by the quantitative methods in use. Since decom- 
position is almost constantly taking place, such compounds are perhaps 
universally present in soils. Nothing, however, is known regarding the 
quantities. The ammonia nitrogen recovered by any method liberating 
such nitrogen would be correspondingly too high. Russell (22) also has 
pointed out, as mentioned above, that soils possess the ability to lix am- 
monia in such a manner that it is difficult to liberate. Potter and Snyder 
(21) have recently reviewed the question of ammonia determination in 
soils, and if we are to accept their views, we are forced to the conclusion 
that none of the data now available are even comparatively, much less 
quantitatively, accurate. The evidence submitted by Potter and Snyder, 
however, tends to show that figures secured as such herein reported, are 
approximately 50 per cent too high. With these facts in mind we shall 
assume tliat the figures here used are comparative. Many figures have 
been reported which, because of analytical methods, such as permitting of 
the possible accumulation of ammonia after soil samples were drawn, are 
obviously not comparative. We have, therefore, selected only such in- 
stances as seem, upon evidence accompanying them, to be as free from 
such objections as any obtainable. 

As mentioned above, ammonia nitrogen is usually not taken into con- 
sideration by students of soil fertility and is referred to in text books as 
existing only in traces or very minute quantities. Stockbridge (28) gives 
the figures as varying from .00014 to .001 per cent with an average of 
.00057 per cent. Russell (22) reports figures varying from a trace to 7 
parts per million. Figures secured by investigators in this country have 
usually been higher, due, possibly, to a difference in analytical methods 
or to the ability of oui soils to prevent the oxidation of higher per- 
centages. Lathrop and Brown (16) rejwrt from 16 to 28 parts per mil- 
lion, the figures for ammonia nitrogen being materially higher than the 
nitrate nitrogen figures. Brown (3) reports from .(XX)95 to .00135 per 
cent, the ammonia nitrogen again exceeding that present as nitrate nitro- 
gen in most instances. Jodidi (12) gives quantities varying from .00064 
to .001508 per cent. (Figures for wet soils given in this paper can not 
be taken into consideration since the soil was held for a year before being 
analyzed.) By use of the magnesium oxide distillation method the writer 
(7) has shown the quantity under several dlfiferently treated plots to 
vary from .0(X)38 to .00315 per cent with an average of several different 
determinations for the individual plots varying from .(X)116 to .00159 per 
cent. The results secured from several plots are reported - in Table II- 
These data were secured by thoroughly mixing 12 different borings from 
the individual plots and distilling the ammonia off from an aqueous ex- 
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tract of the soil in presence of magnesium oxide. Determinations were 
made as soon as the soil was brought to the laboratory, 100 gm, being 
used in each instance and duplicate determinations made The low fig- 
ures of September 12 were secured after a long extremely dry period 
when there was perhaps not enough moisture in the soil 'for bacterial 
activity. 

Kelly (15) has reported the ammonia nitrogen in a number of soils 
in many of which it is claimed nitrification is practically absent The 
quantities reported vary from 2 to 69 parts per million. The average for 
uncultivated soils, where nitrification is supposedly absent (page 10) is 
about 18 parts per million and for cultivated soils (page 13) approxi- 
mately 13 parts per million. In the former case the ammonia nitrogen is 
reported as being abnormally high, yet tlic figures do not vary materially 
from those reported from normal soils on the continent or from the cul- 
tivated soils, where nitrification, according to the quantity of nitrate nitro- 
gen present, was evidently active. 

Hutchinson (10), without giving any experimental data, says that in 
soils studied by him at temperatures of 15“ to 18° C., nitrification takes 
place just as rapidly as ammonification, whereas at 25“ to 30“ C. am- 
monia accumulates and may become so abundant as to inhibit nitrification. 

Abbott, Conner and Smalley (1) report as the average ammonia con- 
tent for a number of plots, figures varying from 12.6 to 20.8 parts per 
million, or as average of all plots at different dates, figures varying from 
6 to 37.1 parts per million. 

From the above results, it seems evident that under normal agricul- 
tural conditions we never get a marked accumulation of ammonia nitro- 
gen ; Iiowever, conditions may sometimes become such that we do. 

Will Soils Retain Amaionia Nitrogen Beyond that Normally 
Present? 

In solving the problems before us it is necessary to show in someway 
that the low quantities of ammonia nitrogen normally present are not due 
to losses other than by transformation into nitrate nitrogen. It is ob- 
viously impossible to measure the various losses ; therefore, we must use 
otlier means. If we can show that soils normally low in ammonia nitrogen 
possess the ability to hold large quantities and that in such soils we can 
eliminate the processes of nitrification (otherwise permitting normal 
losses), and secure such an accumulation, we believe we have the desired 
information. 

It is common knowledge among soil biologists that when easily decom- 
posable organic nitrogenous compounds are added to the soil we get large 
accumulations of ammonia nitrogen. However, such experiments are usu- 
ally continued for only a short time and unless nitrifying organisms are 
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eliminated, the ammonia nitrogen thus formed is usually oxidized to ni- 
trate nitrogen. The writer has used various methods for eliminating nitri- 
fication and in all cases it has been found that the large initial ammonia 
nitrogen will persist for 6 months or longer without any large decrease in 
quantity. Perhaps we are not justified in drawing conclusions from such 
abnormal conditions, since, if the processes of formation were more grad- 
ual, the disappearance might be as rapid as the formation. In this connec- 
tion we call attention to the large amount of data published by Russell and 
Hutchinson (24) and their students (23), where no initial addition of ni- 
trogen was niade. They have demonstrated that when for any reason the 
processes of nitrification are eliminated, without at the same time eliminat- 
ing ammonification, there is a gradual accumulation of ammonia nitrogen 
that will, as far as experimental data go, persist indefinitely. This cannot 
be due to any deep-seated change rendering the ammonia nitrogen less 
available for nitrifying organisms, since when they are reintroduced or, as 
has be'.n shown by the writer (6), the antiseptic action of the inhibiting 
agent removed, the ammonia nitrogen falls to its original level with a 
corresponding increase in nitrate nitrogen. These results have been veri- 
fied in a number of laboratories. The writer has also carried out similar 
experiments under field conditions, where soils were subjected to all tlic 
influences tending to cause losses of ammonia nitrogen, and has found the 
same conditions to exist. 

In Table III, two series of such results are reported. The two are the 
same except that in B there was an addition of cottonseed meal. The 
plots were treated June 12, 1913, with increasing quantities of CS^ (ex- 
pressed as c.c. per sq. ft.) as follow^s: No. 1,-0; No. 2 , — ^5; No. 3, — 10; 
No. 4,-25; No. 5, — ^50; No. 6, — -100. The analyses here reported were 
made on July 25 in case of A and August 4 in case of B. The quantities 
of nitrate nitrogen as here reported, and as observed in subsequent 
analyses show that the processes of nitrification were only temporarily 
checked. Nevertheless, the data show that this soil is capable of holding 
much larger quantities of ammonia nitrogen than is normally contained. 
The results of Kelly, cited above, also show that soils are capable of hold- 
ing much larger quantities than are usually present. We do not believe, 
therefore, that the low quantities of ammonia nitrogen usually found in 
soils are due to the inability of the soil to retain larger quantities. 

Relation Between Ammonia Content and Nitrifying Power of 

Soils 

If, as has been shown above, the elimination or checking of nitrifica- 
tion causes a corresponding increase in ammonia nitrogen, we can see no 
reason why, if there is normally a deficiency in nitrification, we should 
not likewise detect increasing quantities of ammonia nitrogen. In other 
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words, we should, it would seem, find a relation between ammonia con- 
tent and nitrifying power. 

In this connection we call attention to Russell’s conclusions (221 linf 
“As there is no tendency for ammonia to accumulate, it follows that the 
rate of nitrification must be greater than that of ammonia production and 
in normal soils is limited by this rate.” Also, to the concluding re, narks 
of Kellerman and Allen (13) regarding nitrification in arid regions that - 
“Lack of nitrification, therefore, will not be a limiting factor in crop pro- 
duction Humification studies are probably of paramount im- 

portance.’^ 

In laboratory experiments, in testing the nitrifying power of soils witli 
an initial addition of easily decomposa!)]e organic nitrogenous compounds 
or of ammonia nitrogen, any subsequent analyses made prior to complete 
nitrification will reveal an inverse ratio between ammonia content and ni- 
trifying power. In fact, a quantitative analysis of the ammonia nitrogen 
will give us, in most cases, as accurate knowledge regarding the nitrifying 
power as will a determination of nitrate nitrogen. The latter, however, un- 
der conditions where losses of nitrate nitrogen are eliminated, is regarded 
as giving the most accurate data obtainable as to the activity of the nitri- 
fying flora under that particular condition. 

If we consider, as Kelly (15) does, that the nitrate present in the soils 
reported by him is a criterion of nitrifying activity, then we are forced 
to the conclusion that no such relation as suggested above exists. Kelly 
reports analyses of 41 soils and of 10 of these containing 10 or more parts 
per million of nitratt nitrogen, 100 per cent contain 10 or more parts per 
million of ammonia nitrogen. Of 31 containing less than 10 parts per 
million of nitrate nitrogen only 84 per cent contain 10 or more parts per 
million of ammonia nitrogen. Or, as pointed out above, in those soils in 
which nitrification is supposed to be active, the average ammonia content 
is about 13 parts per million, while in those in which it is supposed to be 
very deficient or absent the content of ammonia nitrogen is only about 18 
parts per million. With the methods of analysis used, these differenecs 
arc slight. To offset these diflerences we find that of all the soils r - 
ported by Kelly, No. 329 probably contained the most active nitrifying 
flora. Yet, on the average it contained the largest quantities of ammonia 
nitrogen. The low ammonia nitrogen content of soils here reported could 
not be due to the inability to retain larger quantities. Subsequent experi- 
ments show that in the presence of an addition of dried blood the am- 
monia content reached the enormous quantity of 1500 parts p:r million, 
fn the absence of any addition of nitrogen, checking or eliminating nitrifi- 
cation by the use of heat, CS., or totuol caused a steady increase in am- 
monia nitre^en until nitrification again set in. In one instance this increase 
continued for 200 or more days, the quantity reaching 26S parts per mil- 
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lion. It is also worthy of note that the aerated soil containing the least 
amount of nitrate nitrogen (1 part per millon) also contained the least 
amount of ammonia nitrogen (4.2 parts per million). While Russell 
gives us no indication of the relative nitrifying power of the soils reported 
by him, we have every reason to believe that they varied widely. Still 
with the exception of No. 7-2 the variation in ammonia nitrogen con- 
tent was within the limit of experimental error. From results reported 
elsewhere (see Table 1) and also by Ashby (2) on other Rothamsted 
plots we would certainly expect to find the highest nitrifying power in 
soil from Plot 7-2, yet it contained materially higher ammonia nitrogen 
thaFi any other. The same argument applies to the results reported by 
Brown (3) and Jodidi (12). In the case of the Pennsylvania Experi- 
ment Station plots, Given (8) has shown that tliere are wide variations 
in the nitrifying powers of those differently treated. Likewise, Brown 
(4) reports similar conditions for Iowa Experiment Station plots. In 
neither case, however, is there any marked accumulation of ammonia in 
one plot over another. 

Fortunately, the writer has secured data on a number of different 
plots both as to ammonia content under field conditions and nitrifying 
power measured according to best available methods. Some of the re- 
sults thus secured are presented in Table IT. 

We would call special attention to Plots 17 and 18 adjoining and 
planted to the same crop for the past 25 years. They have given us con- 
sistently the lowest and the highest nitrifying power, respectively, of any 
soils studied. A. study of these data leads us to the same conclusion as 
was arrived at above. That is, as far as we are able to detect, no rela- 
tion exists between the ammonia content of soils and their nitrifying 
powers. 

Rklation between Ammunx.\ Nitrogen Content and Yield 

If there is a correlation between nitrification and yield but no corre- 
lation between nitrification and ammonia nitrogen content, we should, of 
course, not expect to find any existing between ammonia nitrogen con- 
tent and yield. However, if low fertility is a result of low nitrification 
and the processes of ammonification exceed those of nitrification, then 
we should expect to find low yielding power associated with high am- 
monia nitrogen content. Fortunately, we have considerable data with re- 
gard to these two conditions. 

Selecting the most marked variations, with regard to yield, reported 
by Brown (3) and comparing these with ammonia nitrogen content wc 
have the results given in Table Y. 

In Table IV are given the ammonia nitrogen contents reported by 
Russell together with the yields from the same plots for that particular 
year and also the averages for the past 60 years. 
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Summarizing tlie results secured by the writer as to the relation be- 
tween ammonia nitrogen content, yield, and nitri thing power, we have 
the data presented in Table I. 

A study of the data here presented, secured from widely dltterent 
localities, soil types, and variations in productivity, convinces anyone of 
the absence of any correlation bet\\een yield and ammonia nitrogen con- 
tent. 

As pointed out before there is evidently a correlation between nitrify- 
ing power and yield but not between any other two factors under con- 
sideration. Similar studies have been made upon a number of isolated 
spots similar to those rqiortcd by Lipman (KV). The results secured ou 
soil from such spots conform so nearly with data already i>resentcd that 
they will not be given. 

SUMirARY 


Tn the foregoing pages we have endeavored to show that ])rodiicliv' 
itv in non-productive soils, in so far as nitrogen is the limiting factor, is 
not limited by the processes of nitrification. In support of this hypothe- 
sis we have submitted evidence to show : 

^ J That all cultivated soils approximaliug normal conditions, contain 

active nitrifying organisms. 

TI That in sucli soils these organisms transform a'mmonia mlrogcii 
into nitrate nitrogen as rapidly as it becomes available. In suiiport ot 

this contention it has been pointed out; ^ 

(a) That in such soils there is no accumulation of ammonia beyoml 
a fairly constant equilibrium maintained between those factors tending to 
the fonnation and those tending to the disappearance of ammonia. 

(hi That this failure to accumulate is largely due to the transform- 
ation of ammonia into nitrates. This statement is based upon the fob 

'“" r Soils will physically and chemically retain much larger quantities 

of ammonia than they normally contain. 

2. When nitrification is impossible, because of some unfavorable con- 

dition, ammonia does accumulate. ^ ortu-bv 

,V When the nitrifying organisms is such sods regain ^ actn^ 
the ammonia thus accumulated is rapidly transformed into nitrate 

III. That in cultivated soils there is no 

, content and nitrifying power, whereas there shou e 
ammonia is formed more rapidly than nitrification is J' 

IV. That there is no correlation between — “tta 
ductivity, whereas an inverse ratio should exist i ow y 

result of low nitrifying power. 
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We believe, therefore, that while there is usually a correlation be> 
tween nitrifying power and productivity, it does not imply that the pro- 
cesses of nitrification are responsible for yield or that yields on non- 
fertile soils are limited by the process of nitrification. As to whether 
high nitrifying powers are the result of high fertility or that both 
are the result of common factors, there are very few data to 
indicate. Since it is not impossible that both factors depend 
upon available plant-food, we would call attention to the work of Lip. 
man (17) who has detected a relation between yields and certain avail- 
able inorganic elements, also to the work of Fraps (5) who has detected 
a relation between nitrogen content of soils and their nitrifying powers. 

Conclusions 

We believe from the data to which attention is here called one is 
justified in the following generalization: that while nitrification is per- 
haps a valuable and even essential asset in fertility it probably does not, 
under nonnal conditions, become a limiting factor in productivity. 

TABLE I 


RELATION BETWEEN AMMONIA-NITROGEN CONTENT, NITRIFYING POWER AND 

YMELD 


plot No, 


1913 


1914 

Average ^ ield 
for 25 Years 

NH;rN. 

N. P. 

Yield 

N. P. 

Yield 

9 



8.83 hu. 

43.1 

20.09 bu. 

9.55 bu. 

10 



16.90 bu. 

107.2 

26.37 bu. 

16.72 bu. 

13 

1.53 

71.9 

1508 lbs. 

71.5 

377 lbs. 


20 

1,27 

94.7 

4810 lbs. 

91.5 

1177 lbs. 


17 

1.41 

46.4 1 

6.96 bu. 

39.2 

28.78 bu. 

20.35 bu. 

18 

1.47 

120.2 

19.22 bu. 

124.2 

33.89 bu. 

35.78 bu. 

22 

1.31 

114.6 

3042 lbs. 

104.4 1 

1482 lbs. 1 

4923 lbs. 

23 

1.16 

79.4 

1339 lbs. 

71.0 i 

910 lbs. j 

2996 lbs. 

21 

1.59 

104.5 

17.44 bu. 

107.2 

28.41 bu. 

18.54 bu. 

29 

1.37 

116.6 

16.79 bu. 


29.56 bu. 1 

1.5.72 bu. 

30 

1.44 1 

127.0 

22.53 bu. 


28.17 bu. 1 

19.58 bu. 


NHjN ~ Mg. Nitrogen as Ammonia per lOO gm. soil. 

N. P. = Mg. NO 3 formed per 100 gm. soil 

Note: — Cropping system for Plots 9, 10, 21, 29 and 30 continuous wheat; 17 and 18 continuous 
corn; 22 and 23 continuous timothy; 13 and 20 6 -year rotation of corn, oats, wheat, clover, timo- 
thy, timothy. Plots 10, 20, 18, 22 and 30 have received annual application of stable manure; 
29 annual application since 1909. 
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TABLE 11 


COMPARISON BETWEEN AMMONIA NITROGEN UNDER ITKLll CONUmoNI vNu 

nitrifying power of s oils from t)IKFERE^ IWS 



7-n 

8-12 

9-12 

11-4 

12-22 

d 

4. 

_£ 

X 

I 

! 

'«) 

S 


X 


X 

J? 


X 

^ I 

x; 

X, 

X 

4 

X : X 

X 

13 


109.4 ! 

1.44 

56.7 

.45 

79.2 

2,971 42.4 

1.25 

20 


95.8 ' 

1,70 

128.0 

.45 

82.4 

1.68: 72,6 

1.25 .. 

17 


67.5 ' 

1.13 

82.5 

.45 

28.0 

3.15 7,6 

0.92 .. 

18 


125.2 : 

1.50 

146.3 

.45 

93.2 

2-22 116.2 

1.70 .. 

21 


. 101. 1 ’ 

1,44 

133.0 

.38 

■ 95.6 

2.04 88.3 

2 .50 . . 

22 

1 .... 

155.8 ; 

1.54 

137.3 

.64 

■ 91.2 

1.50 74.2 

1.55 .. 

23 

j .... 

; 81.7 i 

1.13 

: 119.2 

.45 

69.3 

1.50 47.4 

1.55 


Ave. 

’U 


1,5.? 
I.J7 
l.-IL 
1.47 
l.5y 
1 .31 
1,16 


X 

71.9 
94.7 
46 4 

1:0.3 

uu.s 

114.6 

79.4 


X, 

71.5 

91.5 
39.2 

1:4,2 

107.2 

I04.4 

71.0 


^ Not run. 

1 >. = Nitrifying Power, i, e. Mg. Nf), formed per 100 gm. soil in 4 ^veeks. 

NH 3 -N — iMg. ammonia nitrogen jier 100 gm. soil, 

TATU.IC III 

effect of checking nitrification I'POX THE .VCCCMCI.ATION OF AMMOX! \ 
NITROGEN I.'NDKR FlEIJl CONDITIONS 
(Exprc5ised in mg. per 100 gm. soil) 


Series A 


Plot No 

.■senes 1, 

! 

NHs-N 1 

NOo 

Xlbi-N 

NID 

A 


0.52 1 

18.2 

1.09 

14. n 

B 


0.45 

17.3 

1.09 

12.6 

c 


0.61 

15.7 

1 .25 

11.9 

1) 


0.74 

17,2 

1,48 

11.6 

E 


0.98 

,10.9 

1.55 

9. .5 

F 


1.46 

9.8 

2.62 

7.4 

freatment of plots: 

A- 0; R- 5 c. 

c. ; C- 10 c.c. ; 

D— 25 c.c.; E— 50 c.c., and 

F— 100 C.c. 


CS2 per sq. ft. Scries B an addition of cottonseed meal. 

TABLE IV 

COMPARISON BETWEEN A3IMONIA NITROGEN CONTENT OF SOILS AND YIELD 
FROM DIFFERENT PLOTS, ROTTIAMSTED STATION 


Date 


Hoos Field Barley Plots 


Broadbalk Wheat 
Plots 



; 7-2 

1-0 

lA 

2A 1 

4 A 

7 

10 

4,8 

: 7.0 i 

1.6 

4,3 i 

1 

.... 1 

13,0 ^ 

12.9 

18.6 

5-7 

' 4.0 ! 


1.6 

1.6 

2.0 

2,6 

J5.fi 

6-n 

4.0 

1.0 

1,6 

1.6 

1,6 

2.2 : 

2.2 

7-12 

! 5.3 ; 

I.O : 

1.6 

1.0 

2,2 : 

1.6 

4.3 

10-28 

; 4.0 ; 

0.5 ! 

1.0 

1.0 

! 1.0 ■ 

1.6 

2.2 

Yield ’09 

46.3 ^ 

13.0 

31.3 

29.2 

■ 44.3 

28.9 

10.5 

Meld 60-^yr 

47,1 ^ 

12.7 j 

25.5 

1 38.2 

41.5 

32.1 

20.0 

•Vote:— Plots lA, 2A, 4A, 7 and 10 have received an application of ammonium salts. 

For 1909, 


1A, 2A and 4A received an addition on February 20-21. Plots 7 and 10 received an addition 
oti April 7, the day before the first analysis was made. Plot 7-2 has received .in annual aiiplica- 
^on of dung. Plot 1-0 has received no application. 

Russell gives data for Plot 7-0, hut since no plot corresponding to such could be located m 
l^otE-misted Guide and 7-2 does correspond to the one reported by Russell, wc presume the 0 to 
^ a typographical error. 
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TABLE V 

RELATIOX BETWEEN AMMONIA-NTTROGEN CONTEXT AND YIELD, PEXNSYI 
VANIA AGRICULTURAL EXPERIMENT STATION 


Plot 

No. 

NH.^N 

Per L'ent 

Wheat 

bu. 

Corn 1 

lbs. ' 

Oats 

bu. 

21 

.00120 

27,5 ! 

1 4,240 

52.3 

24 

.00105 1 

1 n.5 i 

1 1,080 

39.0 

28 

.00100 1 

34.2 

4,720 

59.2 

32 

.00100 1 

12.7 

1,408 

50,2 


Treatmcftt of plots; No. 24— nothing; others, 100 lbs. K 2 O and 48 lbs. PsO-s, and in addition- 
No. 21 — 72 lbs. nitrogen as dried blood; No, 28 — 72 lbs. nitrogen as NaNOa; No. 32—72 lbs. 
nitrogen as (NHilaSOi. 
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are all the soil bacteria and STEEPT0THRIC1.N 
THAT develop ON DEXTROSE AGAR AZOEIERSV 

By 

I'MTt. Emerson Research Fellow in Soil Bacteriology, Iowa State .Igri- 
cultural College ' * ‘ 

It has been noticed many times that there are a large nuniher of or- 
ganisms other than Azotobacter which develop on nitrogem-free dextrose 
agar plates, when these plates are made directly from a soil suspension. 
Apparently, no one has made any attempt to determine the nature of these 
organisms, and the questions arise: Are they all azohers or nitrogen fix- 
ers, and if so, to what class do they belong? If they are not azofiers 
where do they get their supply of nitrogen ? 

In order to answer these questions, the following ex])eriiiient was car- 
ried out. One hundred gm, of soil- were placed in 200 c.c. of sterile 
water, thoroughly shaken for 5 minutes, dilutions of 1 to 1000, 1 to 
10,000 and 1 to 20,000 made, and 12 dextrose agar plates prcjiarcd hv the 
usual method. The following modification of the mannite medium 
recommended by J. G. Lipman (3) was used: 


Distilled water 1000 c.c. 

Agar agar 12 gm. 

Dextrose 15 gm. 

ICHPO4 0.2 gm. 

MgSO^ 0.2 gm. 

CaCl, 0.02 gm. 

10% FegClg solution 1 drop. 


The solution was made neutral to p^iolphthalein by the use of 10 per 
cent NaOH before the addition of the agar. The plates were incubated 
tor 4 days at room temperature, the colonies counted and the plate that 
contained approximately the^ correct average number of colonies was set 
aside for further study. The count showed that the soil contained i>er 
of dry soil, 2,400,000 bacteria that were able to develop on nitrogen- 
free medium. 

‘Heceived for publication January 13, 1917, 

^ Miami silt loam. 


( 417 ) 
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The area of the selected plate was then divided into 4 equal parts, each 
part containing the same number of colonies. Each of these areas was 
considered to contain a fair representation of all the bacteria in the origi- 
nal soil that were able to develop on this medium. All the bacterial colo- 
nies in one of these areas were picked out and transferred to slants of the 
same medium. In this manner 30 colonies were separated, replated to in- 
sure their purity and their azofying power determined both in soils and in 
solutions. In the purification of these organisms it was found that 3 
colonies developed two distinct organisms. These were isolated and puri- 
fied and their azofying power determined with the others. The total num- 
ber of organisms studied was therefore thirty- three. 

No attempt w^as made to classify these organisms further than to 
divide them roughly into 4 groups, each having distinct cultural charac- 
teristics that were easily recognized. The grouping and the number of 
organisms in each group were as follows : 


Group 1 — Nocardia “Actinomyces’' 10 colonies. 

Group 2 — Small jelly-like colonies resembling' Bncilhis radicicola 10 colonies. 

Group 3 — Flat, thin, fluorescent colonies 7 colonies. 

Group A — Thick, dense, white shiny colonies, opalescent, raised in cen- 
ter and growing somewhat in concentric rings 6 colonies. 


The soil medium for the azofication tests was prepared as follows. 
One hundred gm. of air-dried sieved soil of the same type as that from 
which the organisms had been isolated were placed in tumblers, covered 
with a thick layer of cotton securely fastened wfith a cord, and sterilized 
in the autoclave for 4 hours at 1.S pounds pressure. The sterilization was 
repeated 3 times, 1 day being allowed to elapse between operations. 
Thorough sterilization of the soil was proven by careful plate tests. 

The solution used in the azofication tests was the same as that em- 
ployed in the isolation work, except that 10 gm. of dextrose were used 
instead of 15. Fifty c.c. of this solution were placed in flasks and steril- 
ized in the usual manner. 

The inoculum was prepared by inoculating the organism into tubes 
containing 5 c.c. of the above solution. After incubating 3 days, suffi- 
cient growth appeared to insure good inoculation which was accomplished 
by flaming the ends of the tubes and the plugs, and pouring the entire 
contents of the tube into the medium to be inoculated. This operation 
took place under an inoculating hood in order to avoid any contamination. 
In the case of the soil tests no dextrose was added other than that in the j 
c.c. of inoculum, it being assumed that the complete sterilization by heat 
had rendered soluble sufficient nutrient to make the addition of any carbon 
supply unnecessary ; however, sufficient sterile water to make the content up 
to the optimum, 22 per cent, was added immediately after the addition of 
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TABLE I 

DETERMINATION OF NTTRO('iKN FIXATION 


nocardia 


Lab. No. 


Solution 




Soil 



Mff. N 
Found 

Blank 

Mff. X 
Fixed 

Mr. X 
Found 

Duplicate 

Ms..\ 

Fiiund 

A V era Re 

Mr.X 

Check 

Me. X 

1 

2,66 

0.56 

2.10 

309.4 

315.0 

312.2 


3 

5.74 

0.56 ■ 

5.18 

316.4 

■ 319.2 

317.8 

298 2 

4 

3.22 

0.56 

2.66 

313.6 

308.0 

310,8 

298.2 ! 

8 



Lost 

298.7 

: 303.8 

301.2 

298.2 ; 

8 X 

7.56 

0.56 

7.00 





9 

i 3.64 

0.56 

3.08 

316.4 

310.8 

313.6 

298.2 1 

10 

! 0.42 

0.56 

0.00 

322.0 

322.7 

: 322.3 ^ 

298.2 

13 

4.62 

0.56 

4.06 

309,4 

■ 306.6 

^ 308.0 

298.2 ! 

26 

2.66 

j 0.56 

2.10 

318,5 

: 315.7 

317.1 

298.2 ! 

27 ■ 

1 2.24 

! 0.56 

1,68 

312.9 

323.4 

318.1 

298.2 i 


Mk. N 


14.0 
10.6 
l-\6 

.i.O 

I-Osf 

15.4 

24.1 
9,X 
1«,9 
19.9 


RAniCICOLA-LIKE FORMS 


2 

3.92 

0.56 

3.36 

310,8 

315.7 

313.2 

298.2 

15.0 


1.12 

0.56 

0.56 

311.5 

312.7 

312.1 

298.2 

13.9 

12 

1.26 

0.56 

0.70 

314.3 

312.7 

313.5 

298,2 

15.3 

17 

0.42 

0.56 

0.00 

285,6 

294.7 

290.1 

298.2 

0.0 

20 

2.10 

0.56 

1.54 

309.4 

310,8 

310,1 

298.2 

11.9 

21 ! 

1.82 

0.56 ' 

1.26 

i 317.8 

317.8 

1 317.8 

298.2 1 

19.6 

2 IX ] 

■0.98 

0.56 

0.42 ‘ 

320.6 

322.0 

; 321.3 

298.2 

23.1 

28X i 

1.12 i 

0.56 

0.56 

316.4 

i 315.0 

1 315.7 

; 298.2 i 

17.5 

22 

0.56 

0.56 

0.00 ; 

j 312.9 

303.8 

; 308.3 

i 298.2 

10.1 

30 

1.26 

0.56 

0.70 1 

j 305.2 

' 309.4 

I 307.3 

: 298.2 

9.1 


FLUORESCENT 


15 

4.34 

0.56 

3.78 

305.2 

306.6 

305,9 

298.2 

7,7 

16 

0.84 

0 .S 6 

0.28 

303.1 

308.0 

305.6 

298.2 

7,4 

19 

0.98 

0.56 

0.42 

307.3 

310.1 

308.7 

298.2 

: 10.5 

23 

0.00 

0.56 

0.00 

317.8 

319.2 

, 318.5 

298.2 

1 20.3 

24 

0.98 

0.56 

0.42 

311.5 

312.9 

: 312.2 

i 298.2 

: 14.0 

25 

1.26 

0,56 

; 0.70 

315.0 

305.2 

310.1 

! 298.2 

! 11.9 

28 

3.64 

; 0.56 

3.08 

322 . 7 

324.1 

323.4 

i 298.2 

1 25.2 


5 

2.66 ! 

0.56 


0.98 

0 .S 6 

7 

1.12 

0.56 

14 

5.18 

0.56 

18 

1.26 

0.56 

29 

5.88 

0.56 


OPALESCENT 


2.10 

<' 1 
i' 319.2 1 

, 317.8 

0.42 

■ 317.8 

: 326.2 

0.56 

302.4 

302.4 

4.62 

310.8 

318,5 

0.70 

: 310.1 j 

1 314.3 

5.32 

304.3 

308.0 


318.5 ! 

298.2 20.3 

322.0 

298.2 23.8 

302.4 

298.2 4.2 

314,7 

298.2 16.5 

312.2 

298.2 1 14.0 

306.1 

298.2 ; 7.9 
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the inoculum. This optimum water content was maintained during the 
incubation period by bringing it up to weight at regular intervals with 
sterile water. The soils and the solutions were all incubated for 3 weeks 
at room temperature, and the nitrogen content determined at the end of 
that period by Kjeldahling, The only variation in the determination from 
the regular routine of the Kjeldahl determination was that instead of dis- 
tilling, the digested materia! was aerated following the Potter and Snyder 
(4) modification of the method suggested by Kober and Graves (2) 
Tables I and II show the results of these determinations. 


TABLE II 

SUMMARY OF TABLE I 


j 

Average Mg. N Fixed 

Solution 

Soils 

Xocardia 

3.095 

15.255 

Radicicola-like forms 

0.910 

13.550 

Fluorescent 

1.240 

13.855 

Opalescent 

2.286 

14.430 


It was surprising to find the organisms in the Nocardia group develop- 
ing so abundantly on this medium, but Table II shows that not only are 
they azofiers, but that they are able to fix on the average a higher amount 
of nitrogen than the other soil organisms. So little work has been done on 
this group of organisms by soil investigators that the author was unable 
to find any definite data on their azofying power. Beijerinck (1) worked 
with one member of the group, Streptothrix chromogena, and came to 
the conclusion that it was not able to fix atmospheric nitrogen but that it 
lived on the small amount of nitrogen contained in the medium. A num- 
ber of investigators have shown the large percentage of these organisms 
in the soil, and a few have studied their activities. This point is fully 
discussed in another paper. These results indicate that this group of 
soil organisms may be quite important in increasing the nitrogen con- 
tent of soils. 

It will be noticed that there is but one organism, No. 17, that did not 
fix any nitrogen in either soil or solution, and only four, Nos. 10, 17, 22 
and 23, that did not fix any in solution. Of these four, three fixed ap- 
preciable amounts in the soil. It may be assumed, therefore, that in the 
light of the above results, 97 per cent of these soil organisms developing 
on dextrose agar plates were azofying bacteria. What they are, and 
what their activities are, compared with the known activities of the Aau- 
tobaefer and the Radicicola groups, are (Questions that should be of 
importance to the soil bacteriologist.. The results become of greater in- 
terest when it is realized that no Azoiobacter were present, showing 
clearly that there are a large number of organisms in the soil other than 
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^\20tohacter and Radicicola which ha^e the power of fixing atmospheric 
nitrogen. Apparently, nothing is known at present of the activities of 
these organisms, but is it not possible that their presence would explain 
the nitrogen increase usually observed in fallow soils? Numerous in- 
ctances arc on record where authors have reported large bacterial counts 
oil nitrogen- free media, showing that the distribution of these or similar 
organisms is quite general. It appears, therefore, in the light of the 
above investigations that if general farming practices favorable to the de- 
velopment of these organisms were followed, the problem of keeping Uji 
the nitrogen content of cultivated soils might be much simplified. The 
importance of further study along this line is apparent. 
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STUDIES ON SOIL COLLOIDS ; 

11. INPLULNCE OF COLLOIDS ON ELP’CTliiCiT 
. CONDUCTIVITY OP SALTS' ' 

By 


M. I. WOLKOFF, Research Fellow, Rutgers College 

When an electrical current is passed through a colloidal solution the 
solid particles begin to collect at either the cathode or the anode Vc- 
cording to such behavior, colloids are classified as positive and negative 
respectively. The observation of this and similar phenomena in die 
studied hydrosQis led to the general belief among certain physical chem- 
ists that the colloidal particles do conduct the electrical current This 
coiitenlion was held imdisputed until about 10 to 12 years ago' when 
indirect evidence obtained by a number of investigators, working inde- 
pendently and on different problems, showed that colloids’ do not conduct 
the electrical current, at least to a measurable degree, and that the migra- 
tion of colloidal particles is wholly due to the ions of electrolytes asso- 

-..-.V, 

Diimaiiski (2) has observed that some colloids effect electrolytes .IK- 
fe.-ently. Strongly coagulating electrolytes show a somewhat greater 
conductivity in the presence of hydrosol, while the non-coagulating elec- 
trolytes show considerably less conductivity than the normal. Evidently, 
the difference in the adsorptive power of the colloids investigated by liini 
accounted for such differences in the conductivity. From this indirect 
evidence he concluded that the colloidal particles are non-conductor? of 
the electrical current. 


Mayer and Salles (7) studied the electrical migration of colloidal ar- 
senic sulfide and state as a result of their investigation that “the rale of 
motion of the meniscus at the negative end of the moving sulfide was 
greater than that at the positive, and that the former rate fell off, while 
the latter increased, during the migration.” Wdien they reversed the elec- 
trical current, an entirely opposite effect was observed, The fihenomcna 
led them to conclude that the migration depends on the ions adsorbed by the 
colloidal particles, and the charge of a particle depends on the number of 
ions adsorbed. The confirmation of their view they found in one of their 
experiments, in w^hich a small amount of salt was introduced into the 
colloidal solution, resulting in the exaggeration of the migration phenom- 
enon. 

Blits and von Vegesack (1), in their studies of osmotic pressure of 
hydrosols, came to the conclusion that the osmotic pressure of colloidal 


^The results are taken from the author’s the-sls presented to the faculty of Michigan Agricul- 
College in partial fulfillment of the requirements for the degree of Master of Science, 
deceived for publication November 25, 1916, 

f42;h 
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solutions is due to the ions of electrolytes, which are united with the col- 
loidal particles. 

Frei (5) obtained more direct evidence bearing on the question 
namely, that organic colloids, such as serum albumen, globulin, gelatin 
and saponin, when added to sodium hydroxide, diminish the electrical 
conductivity of the latter. He also noticed that on diluting the colloidal 
solution, the increase in conductivity was faster than the rate of dilution 
which he attributed, and rightly so, to the relatively greater increase of- 
ion concentration in the liquid between the colloidal particles and the de- 
crease of inner friction. 

Richter (8) later confirmed Frei’s results with organic colloids and, 
moreover, found that the addition of colloids causes the lowering of the 
transference numbers, the effect increasing with the concentration of the 
colloid. 

Of course, both Frei’s and Richter’s methods of determining the 
influence of colloids on electrolytes are open to criticism in so far as thev 
do not show whether the colloids hinder the movement of the ions of 
salts, or whether decrease of conductivity of the salt solution is due to 
the adsorption of free ions, causing them to be but comparatively active. 

Experimental 

The results of certain of the experiments herein recorded throw addi- 
tional light upon the question of influence of colloidal particles on the 
electrical conductivity of salt solutions. Since the study was made with 
soil colloidal solutions obtained from clay nearly devoid of organic mat- 
ter, the results add to our knowledge of the behavior of the inorganic col- 
loidal solution. 

Method of Experiments 

The soil colloidal solution was prepared by adding to a fresh clay soil 
(locally known as “brick yard clay’^) 5 times its volume of distilled 
w'ater, shaking occasionally during the day and allowing to stand over 
night. On the folloAving morning the turbid solution was decanted off 
and centrifuged at the rate of 2000 revolutions per minute for 15 min- 
utes. The resulting solution contained as much as 0.3633 gm. of dn^ 
weight of solid material per 100 c.c. of the solution, and remained in sus- 
pension without much sedimentation for several weeks. 

To 200-c.c. portions of this solution in bottles were added different 
amounts of electrolytes in such proportions that the smallest amount add- 
ed Avas not enough for complete coagulation of the colloids used, Avhile 
in the case of the largest amount' added, there was an excess of electro- 
lyte. The strength of the solution was N/5 wdth the exception of 
Ca(OH) 2 , this being saturated. After adding the salt solution to the col- 
loidal solution, tlie mixture was vigorously shaken and allowed to stand 
for at least 2 hours, when the solution was shaken again and emptied into 
thoroughly cleaned centrifuging tubes. They were centrifuged for 15 
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minutes, the solution was carefully decanted, and the electrical resistance 
of the diluted precipitate determined. All determinations were made at 
25° C. The electrolytes used were aluminum potassium sulfate, ferric 
sulfate lead nitrate, hydrochloric acid, and calcium hydroxide. Table I 
gives the average resistance of the diluted precipitates, while in the case 
of alum and ferric sulfate the resistance of the clarified solution was also 
taken. 

TABLE I 

resistance of diluted colloidal precipitates obtained with 
DIFFERENT ELECTROLYTES 



AlK(S04)a 


Fei,(S04)3 


Pb(NOa)2 


Precipi- 

tate 

Solution 

Precipi- 
tate 1 

Solution 

Precipi- 

tate 

49,800 

9,419 

51,755 

9,883 1 

54,140 

52,210 

8,718 

52,700 

8,655 

54,130 

53,555 

7,678 

60,105 

7,868 

53,127 

62,485 

6,183 

72,725 

6,861 

51,570 

173,175 

4,599 

172,450 

5,595 

156,270 

56,010 

2,866 

45,785 

3,394 

60,790 

40,115 

1,749 

27,785 ■ 

2,025 

51,100 

28,150 

1,072 

18,363 

1,026 

I 40,785 

54,220 


55,650 


54,220 


IICI Ca{On).. 


Precii)it- j Precipi- 
tate i talc 


52,064 

56,165 

58,805 

70.415 

U01,230 

88,420 

62,980 

24,870 


54,210 


60,580 

59,835 

52.855 
40,390 

«31,S70 

29.855 
27,770 
25,472 
60,100 


lAt this point the coagulation was complete, as well as wun lae ..ib- 

The above figures and the graphs in figure 1 show several very inter- 
esting features, First of all, one notices tliat with one exception with 
the increase of electrolyte added the resistance of the resultant precipi- 
tates (after diluting) increased up to a certain point and tlien began 
gradually to decrease, while the resistance of clear solutions containing 
Lv electrolytes, decreased constantly on concentration. 
sistance of 4 out of 5 electrolytes used was greater han that the 
distilled water used. Besides, one observes that the ’’ f"'”" 
resi.stance occurred around the point where there ever J 

electrolvtcs present for the complete coagulation o h *> c, 
loidal solution. Calcium hydroxide was an exception 
discrepancy in the case of the Pb(NO,). however, was so small that .t 

might be attributed to experimental error. narticle'i 

'Xhe results, then, tend to point out that 

considerably hinder the interference is gr’eat- 

honal to the resistance) of the electrobde^ and ™^Ahr« in- 
est at the point of complete coagulation. Two and in so ^ s 

dependent coagulations were made, and m eaci case a i 

rte.. In g»r.l, fc ».«. •" ’b,";;;;;?.. 1 dWM 

point the resistance of the diluted gel is gre , . , 1 c.c. 

water used. Now, when the diluted pr«ip.tate bta . d b d 

.1 FMso.), .. 2® cc. .f *v 

nm <*« (T.M. 11, r iisr").™-!!. i, ,»i S5.« 


clear SAlnj-jntt /lorirttfsA nCf 
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ohms as against 72,450 with the solid particles in it, and against 55,630 
ohms for the distilled water used. Although these figures are consider- 
ably in favor of the contention that the inorganic colloidal gel interferes 
with the electrical conductivity of the solution, it seemed advisable to 
verify the point further. For this purpose the following experiment Avas 
performed. 



Fig. 1. — Resistance of diluted colloidal precipitates obtained with different electro- 

bles. 

Two hundred c.c. of clay colloidal solution was flocculated with 10 
c.c. of alum. The gel was separated from solution by means of the cen- 
trifuge and decanted. Then it was washed out of the tube, diluted to 200 
c.c. and the electrical resistance of both the diluted gel and the clear de- 
canted solution was determined. After the determinations were made 
the diluted gel was again centrifuged, separated from the clear solution 
and the resistance determined as in the preceding case. This was re- 
peated several times and the results are presented in the Table Ib 
illustrated in figure 2. 

On examining the figures in Table II it will be noticed that the re- 
sistance of the diluted gel is always greater than that of the next clear 
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.olmion, which of course, is the same solution minus the solid particles 
Consequently, the assumption regardms the interference of the collcuh! 
gei with the conductivity of the electroivtcs is correct 

The question may arise at this point, j^st how do these p.art.cics hinder 
the electrical conductivity of the free ions of the electrolytes^ Two 
agencies could account for it. First, the colloidal particles being much 
larger than the molecules or the ions of the salts, conduct elcctricilv very 
slightly, if at all. When present in abundance, as in the case with onr 
clay colloidal solution, they stay in the pathway of the ion.s like slowly 
moving travelers on a crowded sidewalk. Let them all move in the same 
direction, and yet the speed of the most lively ones will alway.s lie re- 
tarded by the more slow individuals. Second, there is a possibility of 
adsorption playing a part in bringing .about the pheiionienori. Referring 
again to Table 1, one observes that an abrupt change in resistance takes 
place at or around the first complete coagulation. It is very possible that 
on coagulation, with tlie entire change in structure of the particles, Ihere 
takes place a change in the adsorptive capacity of the colloid in i|ii’cstion. 

TABLE II 

ELECTRICAL RESISTAA'CE (IK OHMS) OF ALUMIKCM POTASSIUM SULFATE 
SOLUTION AT DIFFERENT CONCENTRATIONS WITH AND 
WITHOUT COLLOIDAL PARTICLES 


Di's^ 

tilled 

H^O 

■ First 
Precipitate 

: Second 

! Precipitate 

Third 

Precipitate 

Fourth Filth 

Precipitate , Precipitate 

Sixth 

Pri‘ci|iiMte 

1 c 

2 2 ^ 



'S pi ~ i't ^ 

E E 


S « ~ z 

Sc 

:|||'; Sli 

' i P K 

C-slj ci I pzl.\ ll 

c-ut 

49,668 

634 

: 10,054 

9,842 i 37,085 i 

' 33,349 42,437 

\ 38,180 1 54,293 1 


47,445 

628 

9,202 

3,039 23,851 1 

38,561 29,410 

; 23,115 36,310 ' 31,370 54,370 

40,975 ! 56.009 


Though the total surface of the solid material is decreased on coagulation, 
yet the structure of the gel may cause the Increase of the adsoryitive 
capacity of the colloids and, therefore, may result in the decrease of the 
niunber of free ions present in solution. It is quite possible that both 
of the suggested agencies are at work and supplement one another. 

Outside of the theoretical consideration, which was the main object 
here pursued, the results presented in this paper have very interesting 
and significant value to every investigator in any field of work dealing 
witli colloidal solutions. If the results are true, and we have no reason 
to suppose them to be otherwise, they caution anyone from using the 
electrical bridge for determining the absolute concentration of solutions 
containing an appreciable amount of colloidal particles in them, such as 
soil solution, cell sap, solutions with a great number of microorganisms, 
etc. 

There is another point of considerable interest and importance that is 
brought out by the results just presented. Referring once more to lables 
^ snd IT, one will notice that on the separation of colloids from crtcstal- 
^™dvS, or from the true solution, by coagulation, centrifuging and decan> 
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tation, the dear solutions approach the distilled water in their electrical 
resistance. For instance, the solution taken from Table I which was ob- 
tained by adding 1 c.c. of N/5 ferric sulfate to 200 c.c. of clay colloidal 
solution, and which gave a resistance of 72,450 ohms, when clarified by 
centrifuging showed practically the same resistance as the distilled water 
used. Again, the solution obtained on the sixth washing of the gel pre- 



Fig. 2.-EiTect of colloidal particles on the electrical conductivity of salt solution. 


sented in Table II showed a resistance of 40,975 ohms as against 47,445 
ohms of the distilled water. It is true that the distilled water 
of the highest purity, but for all practical purposes the pun ca lott 
soil colloids to such a degree is quite sufficient. In this 
seemed advisable to determine just to what extent the amount o e cl 
hde added is adsorbed by the gel, and would introduce errors in e 


termination of the gels. 
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With this object in view, the following experiment was performed. To 
200-c.c. portion.s of clay colloidal solution were added different amounts 
of electrolytes, the smallest amount being just enough to cause coinidcte 
coagulation of the colloids. The solutions were allowed' to stand until 
solid particles settled, when they were centrifuged, the char solutions 
were carefully decanted, and the dry weiglus of the gel determined. Sev- 
eral salts, an acid, and a base were tried, the results being summarized in 
Table III. 

TABLE III 

DRY WEIGHT (TX GRAMS) OF GEL OBTAIXEl) BY COAGGLATIM; CI.W CGll OIUM 
SOLUTIONS WITH DIFFERENT AMOUNTS OF ELECTRO! VTFS ' ‘ ' 


Amount 
N/5 elec- 
trolyte 


Fe2(S04)3 


Pb(NOs)v 


added 



1 2 1 I 2 1 I 2 


.0966 

1027 

.1093 

,1192 


0980 

.0955 

.0950 

.0930 

.0925 

1043 

,0967 

.0958 

.0922 

.0912 

,1112 

.0978 

.0980 

.0940 

, 0970 

.1165 

.1030 

‘ .0992 

.0958 

i .0975 


16 

24 

32 



200 ex. 


of original solution was evaporated to dryness, 


IK'l (‘rifDlh, 


1 : 2 i I I 2 

0923 
0925 
,0925 
,1043 


.113S .0997 


0923 ; 

0920 ; 

.0925 

.1042 .0820 ' .1)950 

.102« .n9S3 

.1112 .rt9S3 


giving ,1015 gm. iTsitlue. 


Making due allowance for experimental error, the results show a re- 
markably close agreement in the dry weight o.f tlu* gels olilainvd at or 
around the point of complete coagulation with the minimum amount of 
an electrolyte present. On further addition of an electrolyte the dry 
weight of the gel gradually increased until it exceeded the dry weight 
of the original solution. This increase in weight was naturally expected 
and undoubtedly is due to the increase in adsorption of the ions of the 
electrolytes. The adsorption of different ions is not the same, and is the 
smallest in the cases of aluminum potassium sulfate and hydrochloric 
acid, followed by lead nitrate and calciiini hydroxide, and, finally, by fer- 
ric sulfate. The salts here used are of the best coagulants selected from 
some 70 electrolytes studied by the author (9). The solution obtained 
by these means is perfectly clear to the naked eye and is absolutely homo- 
geneous under the microscope. The resultant gel, of course, is not en- 
tirely free from electrolytes, but the error on this account is very small 
and surely is much smaller than when an abundance of common salt is 
used, as recommended by Hilgard (6), or when ammonium carbonate is 
employed, which is advised by Dupont (3) and again by Traps (4). Both 
of these electrolytes are comparatively poor coagulants, as was previously 
reported (9), and it requires a large amount of these salts to bring about 
complete coagulation, especially, when the colloids are largely of organic 
origin. In the presence of these facts, the method here outlined is recorn- 
mended for the separation of soil colloids from crystalloids in determin- 
ing the colloidality of soils. 
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Summary 

1. The inorganic colloidal particles, as found in clay, especially the 
colloidal gels, hinder the electrical conductivity of salt solutions. 

2. The causes for such aii interference lie possibly in (a) the fact 
that colloidal particles moving comparatively slowly are in the pathway of 
the free ions, and (b) that the change of the structure of the gel at the 
point of coagulation results in an increase in the adsorptive capacity of 
colloids. 

3. The adsorption of electrolytes by the gel increases with the in- 
crease of the electrolyte present for coagulation. 

4. I'he coagulation of the colloidal solutions by means of certain 
electrolytes can be employed for separation of colloids from crystalloids, 
provided that only a minimum amount of electrolyte be used for a com- 
plete coagulation in order to reduce to the minimum the error due to ad- 
sorption. 
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THE MONONCHS' 


(Mononchts Bastian 1866) 

A GENUS OF FREE^LIVING PREDATORY NEMATODES 

CONTRIBUTIONS TO A SCIENCE OF NEMATOLOCY VI 

(With 75 illustrations in the text)^ 

By 

N. A. Cobb, United States Department of Agriculture 
Introduction 


Mononchs are Predaceous 


No free-hving nematodes have gained more in interest during recent 
years than those constituting the genus Mononchus; this is because the 
latest discoveries have led to a complete change of view concerning their 
economic relationships. Careful examination, here recorded, of a large 
number of specimens belonging to many different species of '.Mononchus, 
has fully demonstrated the predaceous character of certain common am! 
widely spread soil-inhabiting species— which are found to feed on other 
small animal organisms, such as protozoa and rotifers, and, most interest- 


^Received for publication February 3, 1917. 

part the illustrations were prepared under the author’s personal supervision !,v 
^ir. U. K. Chanihers of the Bureau of Plant Industry. Many features set forth in them cani..;i 
he seen m the natural object except with the aid of the Lest immersion lenses skillfully used 
under favorable conditions. Frequently no further allusion is made to facts thus elucidated . So 
too, mforrnation contained in the key may not he repeated elsewhere; the key should thereforc'hc 
consulted in connection with each description. Most of the illustrations are original- when not 
so, their source is indicated. Tlie species figures are all at the same magnification so that the 
reader may judge of the relative sizes of the nemas. 'Explanatory abbreviations follow 


amp— ampulla 
amph- amphid 
an — ^anus 

an gl — anal gland 
ar dnt— denticular area or rasp 
cav soni- — body cavity 
d int — intestinal cell 
cl Tusc — muscle cell 
cl nrv— nerve cell 
cl nrv subm — submedian nerve 
cell 

col erd— cardiac collum 
erd — cardia 

cst ph — ^pharyngeal rib 
cut— cuticle 
det— duct 

fh-t gl cdl — duct of one of the 
caudal glands 
dnt — denticulcs 

n.x ovr post — flexure of poster- 
ior ovary 
?1— gland 

>J] an— anal gland 
e cdl— caudal gland 
oe^fsophageal gland 
V '»al— salivary gland 
"ic— ingested material 

nematod — ingested nema- 
tode 

intestine 

|nc— Tunction 

*'ni 111 — labial lamina 


lb — ^lips 

lum int — lumen oP intestine 
lum oe — lumen of oesophagus 
lum sum — body cavity 
ms an — anal muscle 
msc oe — oesophageal muscle 
insc sain — body muscle 
mur int — intestinal wall 
mur ph — pharyngeal wall 
mur ut — wall of uterus 
ncl — n Helens 

ncl cl int — nucleus of intesti- 
nal cell 

ncl lat — lateral nucleus 
ncl ov — nucleus of ovum 
nrv — nerve 
nrv r — nerver ring 
ne — oesophagus 
oes lum — oesophageal lumen 
on dsl — dorsal tooth 
on rtr dsl- -retrorse dorsal 
tooth 

on rtr subm — retrorse suhmed- 
ian tooth 

cm sulim dxt — right submedian 
tooth 

on subm snst — left submedian 
tooth 

org— organ 
ov — ovum 
ov det — oviduct 
ov frt — fertilized egg 


ov im — immature egg 
p ex — excretory pore 
ph str--pharyngcal .striae 
por— pore 

por gl oc — pore of (scophagcal 
gland 

ppl — papilla 

ppl cdl --caudal papilla 
ppl intr — interior papilla 
i>pl II) — labial papilla 
ppl lb extr — exterior labial 
papilla 

itpl subm— submedian tvapilla 
npl sutun sec — secondary sub- 
median papilla 
ppl trm — terminal papilla 
rept sem- -seminal receptacle 
ret — rectum 
reg vnt — ventral field 
set — seta 

spm — spermatozoa 
spn — S))jnneret 

str mur ph — striae of pharyn- 
geal w'all 

subcut — subcuticle 

silt 11) — labial suture 

teg ov— egg shell 

trm ovr — blind end of ovary 

ut — uterus 

vag — vagina 

vagmsc — vaginal muscle 
viv — vulva 
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ing of all, on other nemas — and has made it practically certain that all 
mononchs are predaceous. 

Economic Importance. If, as is often the case, the nemas destroyed 
by the mononchs are nemas injurious to agriculture, then the monoiiclis 
are beneficial to man. The first definite instance of this kind was reported 
in the Journal of Agricultural Research in September, 1914: Mononchus 
papUlatus was shown to feed upon Tylenchulus sennpenetrans, the latter 
a nema infesting the roots of citrus trees. Since that time the writer has 
observed many similar instances, fourteen of which are recorded herein. 

Formerly mononchs were considered harmful to vegetation. Ihe 
basis of this opinion was twofold: first, they were known to congregate 
about the roots and between the leaf sheaths of plants, especially succu- 
lent plants, in sufficient number to justify the opinion that they would be 
harmful, provided they were vegetarians ; second, vegetable matter was 

often found in their intestines. i , r • 

More careful investigation, however, has disclosed other facts mcom- 
patible with this opinion that mononchs are harmful to vegetation. The 
food-habits of mononchs have now been more carefully investigated, as 
herein recorded, and each species so studied has proved to be carnivorous. 
The presence of vegetable matter in a mononch’s intestine proves to be no 
verv definite criterion of its food habits, appearances to the contrary not- 
withstanding. A deception has arisen tliat 


Fig. 1 
A mononi'b 
about to seize 
Us victim. 
The head is 
drawn from 
nature a n d 
is exact in 
every detail. 
The body is 
more or less 
posed. The 
strong teeth 



is now easily explained. The occurrence of 
vegetable organisms in the intestine of a 
mononch is merely incidental; in mam in- 
stances it would be impossible for the nioii- 
onch to devour its prey without at the same 
time swallowing vegetable matter. For in- 
stance, suppose a mononch to bolt, as one 
of its victims, a monhystera — a common 


orgaSt:!;' occurrence. Monhysteras are vegetarians, 

weV^shown! ' ■ some of them feeding almost exclusively 

/. 1 \ \\ upon diatoms, others upon other kinds o 

/ \ \ VV unicellular algx. Both on account of tlieir 

/ .■ . \ ;; \ i>eculiar structure and their bright green 

/ ; , ••/•• • ’ ' color, these diatoms and other alg* are verv 

conspicuous objects m the intestine o ti 

, . monhystera. Imagine, now the appearances 

presented by the body of an ingested mon- 

— . - hystera, swallowed whole, or near y 

lying lengthwise in the intestine of a mononch. 

stances, which arc entirely normal, the diatoms tissues 

intestine of the monhystera may be observed through th 



COBB-THE MONOKXHS 


433 


of both the mononch and the monhystera, without the body wall of either 
nema being very plainly visible : it is somewhat as if one looked through 
the walls of two glass tubes, one within the other, to view' comparatively 
conspicuous objects in the inner tube. Such an observation might easily 
lead to the conclusion that the mononch had been feeding upon unicellular 
algse. The deception is heightened after the body of the monhystera is 
partially digested, for then all vestiges of the monhystera become practi- 
cally invisible, and there are left as comparatively conspicuous remains 
the less readily digested vegetable matter, lying loose in the intestine of 
the mononch— the frustules of diatoms for instance, which of course 
are wholly indigestible. Taking everything into consideration, it is not 
in the least surprising that hitherto observers have been deceived as to 
the food habits of mononchs. 

As nematologists heretofore have not carefully studied the footl halnts 
of mononchs, particular attention was given them in the course of these 
investigations; but in spite of the care exercised much remains to he dis- 
covered The mouth parts and digestive organs have come in for special 
study since it is mainly here that we get clues, faint and puzzling Ihougli 
they be that help interpret the little we can glimpse of the food habits of 
the.e oieanisms in their natural state. Suil mononchs live in aarhness 
as might be expected, behave in a wholly unnatural way when p aewd 
i,, ;ater on a microscope slide and hrouglit in a .IrownmR condUmn 
into the blaze of light necessary to a microscopic examination. The di 
hcuUics'and delays attendant on such a line of research are manfe . 
Nevertheless, certain fundamental facts have been established; neu or- 
pns have been discovered and light has been thrown on the ™‘'' 
Ld finction of organs not hitherto understood. It has seemed 
ill onl various habits and functions while de.scrlbing the structures 

"\rw?g£'famiharhy‘S\he food habits of nemas, it pos- 
sible on this new basis to make comparative ,lXov- 

of which may be applied in determining the food habit, of newh d., 

ered genera and species. 


Structure, Functions, and Distribution of Mononchs 

The mononchs constitute a genus of 
inhabiting soil and fresh water, as well as the above-g d 

tainplanL The average form and size of a mononch is mdica 

following average formula; 


92.7 


* Tliis formula, which is now 
stating concisely the necessary measure 
p. 486. 
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which corresponds very closely with that of the type species of the 

genus, M. truncatus Bastian, and espec- 
ially with M. papillatus Bastian. 

Skin or Cuticle 

Strue. While the skin of these nemas 
is usually described as smooth and 
without striations, yet minute trans- 
verse striae are probably always present, 
though difficult of resolution except in 
the new species reversus and dmilis. 
Using a good objective of the highest 
power under favorable conditions, I 
have almost invariably been able to see 
these striae, and as my examinations 
have embraced the great majority of 
the known species, it seems probable 
that any specimen will reveal them if 
examined with sufficient care. These 
transverse striae, all alike on a given 
specimen, are never sufficiently marked 

of a typical mononch, 
p(r Mononchus longi- 
. ^ cuudaivs, a syngonic 
^ form. This individ- 
par ual had been feast- 
ing on other nemas, 

■ ^ the remains of 
^ which arc shown in- 
side the intestine. 

- ■ ^ Only the anterior 
half of the sexual 
organs can be seen 
in the illustration; 
an entirely similar 
branch is hidden on 
account of the coiled 
altitude of the body. 

The lettering of 
the illustrations is 
similar throughout 
and is explained at 
the bottom of page 
431. The anatomy 
and histology o f 
various newly dis- 
covered features are 
^ shown; — 
j (Esophageal glands 
igl, sal}, the pore 
through which the 
glands empty into 
. . the oesophagus (/’fJr’.j, 
^ syngonic sperm 
. (spm.), formation of 

■ ^ polar body {ovjrt.), 
ingested protozoon 
{ing.), etc. 

even contour of the body. It is rarely possible to 
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resolve the striae into components ; occasionally, however, they are resolv- 
able into rows of excessively fine dot-like elements, as for instance in 
hathybius, reversus and incurvus. Lateral wings to the cuticle are almost 
unknown, and the striae are not perceptibly altered on the lateral fields ; 
papillatus and macrostoma furnish a slight exception to this rule. 

Though the muscles of the body wall are relatively powerful, their 
attachments to the subcuticle are not a conspicuous feature ; hence longi- 
tudinal striae due to this cause, though of rather common occurrence, are 
not very readily observed. There are no longitudinal striations in the 
cuticle proper. This apparent complete absence of dermal markings often 
imparts a glassy appearance to living mononchs when examined casually 
under the microscope, an effect that is heightened by the fact that the 
colorless body wall is, as a rule, of more than average thickness. Despite 
their rather thick cuticle, mononchs are very flexible. They coil and un- 
coil themselves with facility, —a useful gift in a struggle with active prey. 

Moulting. From researches on a considerable variety of genera, Maii- 
pas concluded that nematodes undergo four moults, and that, correspond- 
ingly, the life of each individual is divided into five periods. He exam- 
ined no mononchs. The accompanying sketch of a ixirtion 
of the pharynx of a moulting Monochus brachyuris, from 
Arlington, is therefore of interest, as indicating that this 
specimen had yet to moult three times; and since it was 
already half-grown (0.8 mm. long) it is fair to presume It 
had already moulted once, although of course there is no 
proof of this. The sketch shows four successive dorsal 
onchi, numbered in chronological order, each the represent- 
ative of a separate cuticle. The fourth onchus is in a very 
rudimentary state. This record accords with the observa- 
tions of Maupas, and indicates the probability that mononchs also moult 

four times. , . . , , i 

Strength and Activity. Various features of the cuticle and bo y- 

muscles seem to stamp the mononchs as powerM nemas, ^ - 

are taken from their natural haunts and placed m a glass of water fo 
examination, their active serpentine movements fully " 

ence. Though less agile than species 

they are anything but sluggish. The movements of the to 

are especially striking, a certain suppleness of neck en « « 

dart the head suddenly here or there in almost ^ 
enabling them with ease to capture their prey, even though 

l^emas Sometimes Float 

Distribution by flotation. Ditlevsen notes a very ^ ° 

his Mononchus spectabilis. namely, that o floating on h e 

water. A number of free-living nemas belonging to other genera 



Kic. 3." -Heat! 
of i nioultinR 
m 0 n 0 n c 1i, 
showing suc- 
ce.ssive dorsal 

tedh, 1, 2, 3, 4. 
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known to have this faculty, which is due to repulsion between the cuticle 
and water ; de Man found it to exist in the case of Oncholaimus 
and the writer has observed it in the case of the larvae of Diplogaster 
aerivora, although a second larval form of this same species does not 
exhibit the property, nor do the adults. Ability to float is known also of 
a number of other species, and, as Ditlevsen's observations show, is not 
absent in the genus Mononchus, Whether flotation plays any part in the 
economy of such nemas is not known with certainty. Floating on the 
surface of moving water, nemas would doubtless sometimes be quickly 
and widely distributed, and it is therefore easily conceivable that flotation 
has some definite bearing on the life history of species exhibiting it. 

The surface of a mononch seems almost 
entirely destitute of setae and papillae, if 
we exceyjt those on the lips. Neverthe- 
less, future researches will probably re- 
veal superficial nerve-endings hitherto 
overlooked. In rare instances a few fairly 
well-developed setae occur on the tail, as 
in the case of M. sigmaturus; papilla; also 
occur sparingly on the tails of the males 
of various species, and near the vulva on 
the females of a number of species. No 
pores are known to occur in the cuticle, 
except, of course, the spinneret pore, and 
the pore observed near the nerve-ring and 
supposed to be the renette pore. 

General Form of Body 

Neck and Head. The various mononchs arc considerably alike in 
external form. In front the body tapers but little; the neck is nearly 
always more or less cylindroid, and almost invariably ends in a head not 
set off from the neck in any way, though there is usually a slight expan- 
sion at the lip-region, due to the strong development of the labial papilla. 

Tail and Spinneret. The posterior portion of the body usually tapers 
from some distance in front of the anus, but in the pre-anal region the 
diminution is slight and very gradual. The tail may be either simply 
conoid, or first conoid and then cylindroid, and usually ends in a spin- 
neret, though in about one-fourth of the species the caudal glands and 
spinneret are absent. When the tail is conoid the spinneret is usually a 
simple structure, whose existence is indicated mainly by the fact that the 
terminus is sub-truncate in form, and presents an inconspicuous axial, 
or sub-dorsal, or sub-ventral pore. This form of spinneret appears to be 
entirely unarmed, though inconspicuous innervations probably occur. 


mH nlsirne 



Fig. 4. —Front view of the head of 
Af. tenuis. Compare with Fig. 1. Here 
the lips are nearly closed, but the dor* 
sal tooth and rasps can be seen through 
the six labial flaps. The two circlets 
of papillte are seen to good advantage. 
The large dorsal tooth shows faintly 
through the two upper lips. 
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\Vhen the posterior portion of the tail is cylindroid, the terminus is 
usually almost imperceptibly exi>anded, and the spinneret is then some- 
what differently developed, and is usually armed 
with obscure, innervated, submedian papills or 
setae. 

Head 

Lips. In the view usually obtained the six Ups 
appear to be more or less confluent, and if it were 
not for their papillae it would be difficult to count 
them ; but when thrown apart, an attitude in which, 
however, they are seldom seen, they are more easily 

1 - ■ i.1 • 11 r • ric. 5 . — S[»inncret of 

counted, since in this attitude the refractive *^cerat- stiovutin ums- 

„ . , . !• 1 1- contnu'- 

inous internal elements ot the lips are separated opuns tiio spinncrLt 
from each other and more readily distinguishable, as ffiowii in ligure 1. 
When closed, these six, broad, flat lips meet together in such a way that 
the star-shaped mouth opening usually lies in a slightly deprcsscfl area on 
the middle of the front of the head. In some species the inner walls of 
the Ups are strongly “ceratinized,” and may be develo[)ed into six rather 
definite, retrorse, subacute points, which, in assaults on other animals, 
serve as grappling hooks, and act in opposition to the dorsal tooth of the 
pharynx. 

Labial papilke. Each Up is supplied with at least two, usually more or 
less conical, innervated papillse ; one on the outer margin and somewhat 
outward jxiinting, the other situated about half way lielween the outer 
papilla and the centre of the head, and forward-pointing. The front of 
the head therefore presents two circlets of papilhx, one on its outer mar- 
gin, and one more closely surrounding the mouth-opening, as shown in 
figures 1 and 4, and many others. These papill^e may be so flat as to 
play no conspicuous part in the external conformation of the head, or 
they may be conical and raised, so as to give to the front of the head a 
more or less angular contour. The papillae are slightly mobile, and hence 
vary somewhat in appearance at different times on the same specimen, a 
matter depending on the attitude of the lips. Drowned s|>ecimens with 
relaxed lips present a slightly different appearance from those that have 
been fixed for examination by means of chemicals. 

Some of the innervations that frequently occur on the head near the 
lips may have special functions. Structurally they are sometimes indis- 
tinguishable from the subordinate labial papillae. The species figures 
show the location of some of these innervations. One pair of them is 
very near the amphids — the only nerves so far observed to be definitely 
associated with the amphids. These particular papilla are so uniform m 
their occurrence that it seems likely they have a special function, con- 
nected with the use of the amphids. 
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Mononchus: Number of Labial Papillae in the Outer Set 




1 



— - 

H 


10 1 

6 

j Doubtful: 

said to be g 

acutus 

bathybius 

muscorum var. 

brachyuris 

dadayi 

obtusicaudatus 



microlaimus 


i 

brachylaimus 

btevicaudatus 

obliquus 

lacustris 

diRiturus 

parvus 

dentatus 

consimilis 

radiatus 

meRalaitnus 

doUchurus 

Punctatus 

gracilicaudatus 

denticulatua 

reversus 

minor 

exilis 

rex 

major 

Rerlachei 

siRinaturus 

palustris 

fovearum 

spectahilis 

monbystera 

incurvis 

similis 

sparsus 

Rymnolaimus 

studeri 

inuscoruni 

longicaudatus 

tenuis 

teres 

index 

tenuicaudatns 

papillatus 

longicollis 

trichurus 

tunbridgensis 

intermedius 

tridentatus 

rapax 

micrtirus 

vorax 


japonicus 

truncatus 

regius 




1 niacrostoma 

zschokkei 


Comparative morphology of the cephalic papillae. The outer set of 
cephalic papillae is the morphological equivalent of the circlet of cephalic 
setae often to be seen on other free4iving nemas. In harmony with this 
fact, the submedian papillae of this outer set are sometimes two or three 
in number to each lip, the numerical and morphological factors harmoniz- 
ing with the law of arrangement of the tactile cephalic setae of nemas, 
namely: — when six are present one is found on each of the two lateral 
lines and one on each of the four submedian lines ; when more than six 
are present the increase occurs first on the submedian lines, the common- 
est number being ten, — one on each lateral line and two on each of the 
four submedian lines ; when the number is in excess of ten the increase 
is again more commonly found on the submedian lines. Illustrations of 
this law of arrangement are seen on the heads of many mononchs. The 
secondary submedian papillae of mononchs are sometimes minute and 
more or less difficult to detect. 

Method of Hunting 

Senses of Smell and Taste. Obviously mononchs hunt by the aid of 
some other sense than that of sight, since both they and their prey usually 
live in subterranean darkness. It is, therefore, exceedingly likely that 
the nerve endings on the head, terminating in the labial papillae of the 
inner row, serve as organs of taste and smell, and that it is by the aid of 
these senses that they trail their quarry. 

Picture these ferocious little mononchs engaged in a ruthless chase in 
the midst of stygian darkness. We may imagine them taking up the 
scent of the various small animals upon which they feed, among which 
almost anything they can lay mouth to seems not to come amiss, and 
pursuing them with a relentless zeal that knows no limit but repletion. 
How many acres have their organic balance determined by their millions 
of prowling mononchs? 
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Pharynx 

The six powerful lips arch together over a large characteristic 
pharynx, consisting of a rather simple, ellipsoidal or elongated cavity, 
whose cross-section is more or less irregularly circular, and of which 
there are two distinct types. 

Types of Maw. Teeth. In one type, characteristic of the larger 
species, there are longitudinal ribs, sometimes simple, sometimes duplex, 
situated mainly on the median and submedian ^ - 

lines (subgenus lotonchus).^ When these lon- 
gitudinal ribs are well-developed there is a 
tendency*' for the dorsal tooth or onchus to be 
farther back, and for the submedian teeth, 
smaller still, to be located toward the base of 
the pharynx, and in extreme cases all three 
teeth may be located actually at the base of 
the pharynx, or indeed be quite vestigial The 
farther back the teeth, the smaller they are, 
and when located actually at the base of the 
pharynx they are often exceedingly small. 

In the other type of pharynx the dorsal 
tooth is usually strongly devel- 
^ ^ oped, and is located midway or 

M « farther forward; in which case 

■ 1 the wall of the pharynx is strongly reinforced along the dor- 

I 1 sal line, while the submedian longitudinal ribs are lacking, 

I 1 or at any rate are faint. However, there often occurs on 

I 1 each of the two ventrally submedian lines in this tyi>e of 

pharynx an onchus of smaller size, located a 
little farther back than the main onchus ; ex- 
ceptionally these submedian onchi may be 
I I I I nearly as large as the dorsal onchus, In 
\ J Y M several species the onchi are retrorse (sub- 
genus Anatonchus^) , and when of this char- 
acter are sometimes more slender, even some- 

Frc, 7. — Above, profile and front 
view of the same series of denticles v\rhat digitate. 

In the throat of M. muscorum. Be* The ntichi aCt aS fangS, 

low, two cfoss-secttons of the same pangS. Dem^Cles. 1 tiC onciu 6 

specimen, showinK end view of the ' . the pOWCr- 

same denticles; at left the swtion ^^nd are USCd m conjunction WU H 

is thrau)?h the dorsal tooth (shown . • ■ ^ linldme the prey, in 

Mack); at right the section »s above llpS in SClZing aUC noiamg l F J 
the tooth. The denticles are shown tViw are aided by minor 

in the upper part of these two lower tbesC maneuvers they ^ 

figures. The two joints shown mcross^ , ctnirtiires OfOminent among 

section impart a slight decree of pharyngeal StrUCtUrCS, 

mobility to the pharyngeal walls. , . , - . <;DecieS are tWO SUbmeaiaH 

Compare with Fiff. 6. whlCh m SOme spCLica 


X7M 


I'lG, 6. — Dorsal view of the 
throat of Af, to 

show the arrangement of den- 
ticles (dnt.) cliaraeteristiL of 
the subgetius Priot\cliulus they 
constitute a rude “saw.” Com- 
pare with Fig. 7. 
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areas, armed with minute denticles arranged in transverse rows like the 
teeth of a rasp (subgenus Mylonchuhis^). While these denticles are 
usually distributed in two distinct areas, the two sometimes coalesce on 
the ventral line, so that the denticulated area, or rasp, is continuous and 
bilaterally symmetrical. As a rule, however, there is a distinct, narrow 
ventral interruption, so that the right and left rasps are rather clearly 
separated from each other. These rasps are wddest near the ventral line 
and become gradually narrow er as they recede, and usually end near the 
lateral line, or near the dorsally submedian line. On the margins of the 
rasps the denticles are arranged in distinct rows ; elsewhere the arrange- 
ment is more or less irregular, though in certain species the ar):angement 
is rather orderly throughout. Each rasp is composed of about six rows 
of denticles, except in the species dcnticulatus, where the number of rows 
is about twice (?) as great, and in the new species sparsus and reversus, 
where there are only one or two rows. Often at the base of each rasp 
there is an exceedingly minute submedian onchus. 

Method of Attack. When used in conjunction with the strong dorsal 
tooth and the powerful lips, the rasps are remarkably efficient organs. 
The mononch glides up to its quarry and makes its onslaught by a quick 
snap of the head, throwing its jaws suddenly wide open, and grappling 
its prey by means of the inner armature of the lips. As the jaws close in, 
the victim’s body is jammed against the point of the dorsal tooth, as well 
as against the rasps, and in this way is at once both punctured by the tooth 
and lacerated or milled by the rasps. In most cases the on chi seem to be 
solid bodies, containing no duct through which venom could empty. If 
any poison is injected into the victim it would seem to be derived from 
oesophageal glands emptying into the pharynx by some other road. The 
axial element sometimes seen in the onchus is probably a nerve ending. 

Minutue of the Wall of the Throat. In general the wall of the pharynx 
is well developed and strongly refractive, and is usually thickest on the 
dorsal side where it gives support to the dorsal onchus ; often it is very 
finely transversely striated. In many species this striated appearance 
seems to be due to a transverse lamination of the pharyngeal wall. The 
striation, or lamination, may be so pronounced as to give rise to transverse 
ridges on the interior surface of the pharynx like those of the teeth of a 
mill-saw^ file, and no doubt these ridges have somewhat the same function 
as the ra.sps just described. The onchi are sometimes seen to be longi- 
tudinally striated. The stride of the pharyngeal walls are most clearly visi- 
ble during the moulting period. In the original species -figures to follow, 
what appears merely as shading on the pharyngeal wall is a carefully 
worked-out chart of the position, number and direction of these lami- 
nations. 


^ Myloticbulus, a small mill-tooth. 
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where the wall is not much reinforced by long^itudinal ribs, the contour of 
the pharynx tends to be more or less oblong, so that its floor, lying in the 
anterior end of the oesophagus, though irregular, is likely to be, on the 
whole, more nearly flat. Opposite the dorsal onchus there is frequently 
to be seen a faint transverse seam, most prominent along the ventral side 
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of the pharynx, indicating a division of the wall into anterior and posterior 
elements. Sometimes this pharyngeal suture is rather prominent. 

Jaw Muscles. The pharyngeal muscles of various species of mononchs 
have been observed, figured and commented upon by one or two investi- 
gators, but only in a vague way. Much remains to be learned concerning 
them. The following incomplete observations have been made in the 
course of these investigations. 

Under suitable conditions, and especially in some species, long, slen- 
der muscles may be seen passing from the lip region backward and out- 
ward, so that their proximal attachment is to the body-wall a short 
distance behind the pharynx. These muscles are the flexor muscles of 


Flc. 9. — Side view of 
the head of M. regiMj. 
The Ups and their ap- 
pendages are well shown. 
The flaps (lam. lb.) are 
the same organs so well 
seen in figure 4, The 
amphid (amph.) extends 
to the bottom of the 
pharynx and beyond. The 
labial muscles (msc.) are 
so attached as to pull the 
lips both inward and out- • 
ward about the stiff exter- 
nal ring as a fulcrum. 
Traces of this ring arc 
shown arching along the 
margin of the anterior 
part of the head. Com- 
ing up from the interior 
of the oesophagus toward 
the right is seen a light- 
colored duct; this empties 
into the pharynx at its 
base. In this way appar- 
ently the secretion of the 
oesophageal glands has a 
direct passage to the 
throat. 

X760 

the lips. It is certain that each lip, probably each pair of adjacent lips is 
connected with a muscle whose function is to pull the lip towar le 
axis about a fulcrum near the surface of the head. These muse es, , 
shut the mouth. It seems likely that the elasticity of , 

composing the frame-work of the lips and pharynx may p ay som 
in mastication and deglutition, and act in opposition to some of the 
cular elements of the pharynx. The extent to which a — tprT- 
throw its jaws open is shown in the sketch, figure , ma e , 
served specimen. This act is accomplished by the aid of a s^o 
set of muscles acting on the outside of the same fulcra. 's 
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that the sketch represents the maximum gape, for the effe,-t „f .u. ■ , 
fixatives seems to be to lock the jaws tightly rather than leave them aZ 
Wthen examined alive mononchs are seldom seen to move their .S 
parts. 

The Mononch and Its Victim 

Fate of Victim. So far as I am aware, the struggle of a mononch 
with Its victim has never been witnessed by human eyes. A strueide it 
must be, for mononchs are sometimes discovered that have gulped ^wn 
other nemas nearly half as long as themselves. Such a ddnoument must 
be the result of a dramatic conflict. A similar gastronomic exploit on 
the part of a man would be the gulping down of a string of bologna sau- 
sage several feet in length. In one instance in the course of my exiniri- 
ence, a mononch was caught with its quarry, another nematode still 
gripfied in its jaws. Seized by its middle, the victim had been bitten 
nearly in two. This is a common fate. Sometimes, however, the ingested 
nema is but little mangled. I imagine the mononch swallows its jirey 
somewhat as the python does, though less deliberately. As the cesoiAagus 
seldom occupies over one-fourth of the length of the body, and as the 
mononch sometimes swallows other nemas nearly half as long as itself, 
manifestly in such cases one end of the victim’s body must reach the 
mononch’s stomach before the other end has disappeared down its 
^hroat. 

Gluttonous Appetite. While many mononchs bolt their food, It is 
evident that the food of some amon^ them receives 
1 certain amount of mastication, for the body of 
:he victim is bitten into fragments and swallowed 
>iece-meal. In some cases the degree of mastica- 
ion may be greater still. Figure 10, for instance, 
shows the head of a preserved specimen, in the 
mouth of which lies a portion of the “gizzard” of a 
rotifer, which has been almost completely denuded 
of the muscular tissue originally attached to it. It 
is the thick-lipped species like -M. muscorum that feilZe with 

masticate their food in this way. 



CEsophagus or Gullet 


‘gizzarcr’ 

of a rotifer (x) being 
masticated. 


Lining of the Gullet. Salivary (f) Glands. The oesophagus is more 
or less cylindroid, a form of oesophagus common in nemas that engorge 
relatively large objects. The anterior end of the oesophagus, where it 
receives the base of the pharynx, is usually about one-half to two-thirds as 
wide as the base of the head, and is occasionally somewhat swollen, so 
tliat one may speak with propriety of an obscure pharyngeal bulb. The 
Esophagus has nearly the same diameter throughout the greater portion of 
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its length ; it may diminish a trifle in the vicinity of the nerve-ring, 
in the posterior half it usually expands a trifle, so that finally it is one- 
half to two-thirds as wide as the corresponding portion of the body. The 
refractive lining of the oesophagus is strongly developed, and is of such a 
character that its longitudinal optical section often occupies as much as 
one-third of the diameter of the whole organ, sometimes one-half, excep- 
tionally even more. The radial musculature of the oesophagus is strongly 
developed, and usually appears coarser posteriorly than anteriorly. 

(Esophageal Glands, In some species, very likely in all, among the 
interstices of the oesophageal muscles there exist glandular tissues, which 
empty their secretion into the lumen of the oesophagus through minute 
pores ill the lining, situated from place to place throughout a considerable 
portion of the length of the organ. Some of these glands appear to 
empty into the pharynx, but the best developed ones occur in the dorsal 
section of the oesophagus near the middle. 

De Man and Micoletzky mention structures in the wall of the pharvnx 
of Mononchus, about the nature of which they seem doubtful, but sug- 
gest the possibility that they are pores. My observations lead me to the 
conclusion that some of the more minute so-called ‘Teeth'’ or denticles 
of authors, at the bottom of the pharynx, and even some of those higher 
up, are in reality elevated pores connected with glandular structures in 
the anterior part of the oesophagus. These pores appear to me to be the 
homologues of the pores which I have demonstrated undoubtedly to 
exist farther back in the oesophagus, and to be the outlets of glands 
located in the interstices of the radial muscles. See fig. 9. 

It is easy to believe that the oesophageal glands are salivary glands, and 
that they serve the mononchs in gorging down food in somewhat the 
same way as do the glands of serpents. This su^mi^e 
is based upon the structure and position of the 
organs rather than upon definite and extensive pin sio- 
logical experiment; intra vitam stains, however, have 
shown that the secretions of these glands are alkaline — 
evidence supporting the surmise. 

Intestine 

Cardia. There is usually a flattish cardia consist- 
ing of 20 to 50 small characteristic cells that stain 
erSs’ section^^oPin- rather strongly with acid carmine, and manifestly dis- 
caHS#» 5 °to cou charge a distinct function. The intestine, which is 
thT?[ninp*^ofThe in- invariably separated from the oesophagus by a deep and 
testine. col. prominent constriction, becomes at once about three- 

fourths as wide as the body, and is usually made up of cells of such a 
size that about 8 to 20 are required to build a circumference. These celb 
contain numerous granules of somewhat variable size, often so arranged 
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about the large central nucleus as to give rise to a beautifully regular 
appearance simulating tessellation. As a rule, the columnar lining of the 
intestine (fig. 11) is not very refractive. Owing to the low visibility of 
this lining, and the difficulty of seeing through the mass of granules con- 
tained in the intestinal cells, the lumen is usually hard to decipher ; to- 
ward the anus, however, it may become more distinctly visible. Occasion- 
ally, the granules are so few or so transparent that the cuiUents of the 
intestine can be seen with ease, but this is rather exceptional 

Granules. The structure and arrangement of the granules in the 
intestinal cells of Mononchus lacustris may be taken as somewhat typical. 
The granules of this species are numerous and jiacked rather closely in 
the cells, and give rise to a more or less distinct tessellation. Specimens 
fixed with Flemming solution, and mounted in glycerine jelly, show many 
of the granules as refractive shells, enclosing a relatively large inner 
spherical mass, which appears dark or light according to the nature of 
the focus of the microscope. This structure is characteristic of some of 


the smallest, as well as some of the largest, granules. These a]>])earanccs 
are not uniform throughout the intestine, the shell-like structures lieing 
more apparent in the posterior part than elsewhere, and less apj)arent 
through the middle portion of the body, where the grannies are largest 
and most abundant. 

These intestinal granules play an important role in the economy of 
the nenia — some of them are in fact indispensable intracellular organs. 


Little as we know about their functions in detaiipt is . 

already certain that they have to do not only wUh the i 

secretion of various digestive fluids, but also with the 
transformation and storage of the digested matter. The 1 
granules in any given cell may be of several kinds, doubt- ^ f / < ^ 

less serving entirely different functions. These facts 
the author has demonstrated by intra-vitam staining. 

Dig(^stion . V 

Food Remnants. The digestive fluids of the mon- I -im 
onch must be well fitted for dissolving ceratm, suppos- - 

ediy the main component of nematode cuticle, for tie 
cuticle, as well as most other parts of the ingested ^ 

disappears completely in the course of digestion. P ^ 
digestion longest are the spiciila of male nemas an 
spear-bearing sorts. These organs, * fltp^niiore are 

posed of relatively thick layers of solid situation 

protected from the action of the digestive ui s _ I j j 
in the Interior of the ingested nema, and h" ^ 
dissolved. Such an undigested remnant, a spe 
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tutes one of the most frequent, as wdl as most reliable, bits of evidence 
concerning the food-habits on mononchs. 

Voracity. Mononchs are voracious. Often the remains of several 
other tiemas are to be seen in the intestine of a single one of them. The 
writer once had under observation a specimen that had swallowed four 
large rotifers in quick succession, all tail-end first. The file of rotifers 
could be clearly seen in the intestine of the mononch. Aquatic mononchs 
are fond of rotifers. The characteristic “gizzards’^ of the rotifers, being 
rather indigestible, are often found in the posterior part of the intestine. 

Rectum. From the slightly depressed anus, the lips of which are 
sometimes rather pronounced, the refractive rectum, usually about as 
long as the anal body diameter, extends inward and forward, and is sep- 
arated from the intestine by a distinct constriction. There is no pre- 
rectum, though the contrary impression is sometimes created by a con- 
striction caused by a mural commissure ( ?) some little distance in front 
of the rectum. 

Feces. From the region of the anus relatively powerful transverse 
muscles pass obliquely backward to the body wall, and find their proximal 
attachment in the dor sally submedian regions. These anal muscles are 
more strongly developed in mononchs than in most nemas. A powerful 
defecating apparatus is needful to such gluttons, since their feces are 
sometimes bulky, owing, apparently, to the fact that the contents of the 
intestines of their victims often prove indigestible. Probably this indi- 
gestible material is to a considerable extent vegetable in its nature; at 
any rate, it frequently happens that the feces are bulky, and this fact 
seems to account for the strong development of the rectum and the anal 
muscles. 

Caudal Glands; Spinneret 


The Cement. The caudal glands, when present, are always three in 
number, and are arranged in a cluster or series opposite to or immedi- 
ately behind the anus. If the tail is short, the foremost gland is usually 


dorsal while the two submedian glands are arranged 
side by side; if the tail is long all three may be ar- 
ranged tandem. Apparently there are always three 
separate ducts, one from each gland, each having a 
separate ampulla; these latter are arranged side by 
side in a group at the spinneret. Often, however, the 
spinneret is simple in form and presents ducts that 
form only indistinct ampullae. Some idea of the man- 
ner and rate of secretion of the caudal glands may be 
derived from an examination of the adjacent illustra- 
tion, which shows a spiral mass of the cement substance secreted by them. 
This spiral mass was coagulated by the fixing fluid in which the specimen 



Fig. 13. — Mononch 
tail showing the three 
caudal pi ands, their 
ducts, the spinneret, 
and its secretion 
(sec.). 


met its death. 
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Action of Spinneret. The structure of the spinneret is veri' similar 
that of Mononchulus, a related genus whose unusually large sj>inneret 
proven especially favorable for detailed study, and may be described 
follows. The three somewhat elongated ampullK at the ends of the 
^audal ducts empty into a single sac located in the spinneret. From the 
front wall of this sac there projects backward into its cavity an elongated 
lenient whose free conical distal extremity fits into the outlet of the 
^^inneret, where it acts as a plug or valve. Apparently, this valve must 
^^Ise through an invagination of the sac during development. The plug 
withdrawn by muscles attached to it and to the dorsal body-wall near 
\ end of the tail. A contraction of these muscles elongates the sac con- 
^ ^nine the caudal secretion and draws the plug away from the ai)erture 
the spinneret, thus allowing the secretion to how out through the term!- 
^ 1 core The plug appears to be returned to its position and held there 
by the pressure of the secretions in the sac, or by the general in- 
tirnal body pressure exerted on it through the sac. Figure 5 shows the 

similar spinneret of a mononch. ■ . t 

Use of Spinneret In any genus consisting of many aiiecies most of 
«hich have caudal glands, aberrant species usually occur m winch these 
.re absent. This is true of Mononchus. A spinneret would ap- 
rn be a particularly useful organ to a predaceous nema, permitting 
n wilHnstLtly to cement itself to a relatively fixed object, and thus 
1,« J.ill ~sler an acti.a vWm ; atom .1 fc 

■ tecting elements of the lateral fields with the exterior. 

Renette 

Nothing is known about the *YmMci?^^^ 

yet definitely known to exist in monon . 5 , j,-!, bears a close re- 

ventral pore immediately behin t e nerj^^ 'jessing a wdl-develoiied 

semblance to the excretory pore i P 

renette; but no internal structures have as ye: 

with this pore. 

Central Nervous System 

The nerve-ring surrounds the cesopha^s j"““^^^,?y''^.ei/developed 
front end of the middle third o t e pg nerve cells 

and easily seen - a ^ Jberwise than this very little is known 

Ixjth in front of it and behind it. ^ 

about the central nervous system of ono 
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Fig. 14. — Female M. fn. 
churus. This raononch 
has only one ovary. The 
tail is very long and slen- 
der and quite likely is 
more or less prehensile. 


Nerve Commissures. A constriction in the intestine is .sometimes ob- 
served at a point not far in front of the rectum, say at a distance equaling 
3 to S body diameters. This constriction is sometimes so pronounced as 
to cause the posterior portion of the intestine to simulate the pre-rectum 
of Dorylaimus. There is here, however, no true pre-rectum. The con- 
striction seems to be caused by mural commissures surrounding the 
intestine. The writer can 
only suggest the possibility 
of the existence of special 
nerves at this point, which 
leave the ventral field, pass 
slightly backward, then al- 
most immediately become 
squarely transverse, encir- 
cling the intestine until they 
are very near the doisal 
field, where they turn sud- 
denly backward. 

Amphids 

Tt is almost certain that 
small amphids occur on all 
mononchs; the writ- mew 
er found them pres- 
ent on three-fourths 
of the known spec- 
ies. As their gen- 
eral characters have 
never been adequate- 
ly described, tlicir 
form and position 
are specially noted 
here, as well as more 
explicitly in the var- 
ious illustrations. 

The external indica- 
tions of the amphid ^ 

'’■'/‘iTranineT-mewhere between the base of the lips and a point 
Tpp ; t the middle of the pharynx. The P-P'-ry, whidr in some 
Z be unclosed behind, is usually more - arc 

form, its long axis lying transversely on the Jhe « 4 ? . 

seldom more than one-sixth as long as the head is wide. 
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very difficult of observation. They are most easily detected when viewed 
dorso-ventrally, and then appear as refractive oblique elements leailing 
from the surface of the head inward and backward through the trans- 
parent cuticle, as shown for instance in the cases of fcnin*.',’ and tvpiui 
(p 469 and 442). They can seldom be followed more that a short dis- 
tance inward, and their ultimate internal connections arc unknown. A 
nerve-ending is nearly always to be seen in the cuticle immediately behind 
each amphid. 

No Eyes 


Mononchs have no definite organs of vision. 

Female Sexual Organs 

Organs Mostly Dottblc. Eggs. Ovaries a.iid Ova. Fnmi the slightly 
elevated and rather small vulva, the prominent refractive vagina leads 
inward at right angles to the ventral surface about one-third the distance 
across the body. Though comparatively small in size, the vtilva is iisiially 
easily located on account of the refractive nature of the \>alls ,if the 
vagina. In nine-tenths of the species, the internal female organs are 
double, and symmetrically reflexed, though in some cases the i>osterior 
branch is somewhat smaller than the anterior. In the exceptional species 
the single ovary is also reflexed (fig. 14). The ovaries occupy relatively 
less space than is usual in nemas-less than one-fourth ot the length ot 
the body. Owing to the comparatively great length of the neck, Die Milva 
IS usually located somewhat behind the middle of the body even ulien 
the sexual organs are double and symmetrical, and may occur as iar 
back as the junction ot the third and final fourths, hach of the two tilen is 
about twice as long as the body is wide, that is to say, of a su.c to receive 
one or two eggs only. These latter arc nearly always smooth, th.n-.shcHc 
ellipsoidal or elongated in contour, and appear about twice as long as ^ 
Jy is wide, though they are sometimes somewl.at shorter, and mine 
m eV o^ger Only in a .single species are the shells known to be sc e 
Zl Tk. shells are thick in obUquu. In all the .lecies examined ,1 
writer, the eggs are deposited before ™ 

presumably true of the 
reflexed ovaries extend orii-balf to tn e 
vulva and contain a score or so of ova, winch 
packed in several rows— ova that by mciease m si. . _ 

near the flexure. The ovaries are rather broad. ^ ^ ^ ^ 

and it is probable nearly all of them are so, . ^ records go, 

are nearly always rare. Only on a smg j gf most species 

have males been found to be as common as the females. 
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the males never have been seen. At a time previous to the development 
of the vulva the gonads of the female produce minute spermatozoa, which 
are sent forward and stored in a special portion of the uterus next the 
proximal end of the ovary. In the only species so far carefully examined 
in this regard these minute spermatozoa are known to be functional, at 
least to the extent that they enter the ova, which then proceed to form 
polar bodies and begin to segment. However, these particular investiga^ 
tions, made by the author and further recorded in figure 2, have been 
confined to the single species M. longicaudatus. Possibly the phenomena 
are different in other species. 

Male Sexml Organs 

Spicula. The tail end of the male is invariably like that of the female 
in general form and size, except that it is more strongly arcuate; it 
differs however, in some instances, probably in all, in the possession of 

F.=. 15 .-T.i, end of ^mparativdy well-developed papil- 
M. obtusHs after Butschii. lae, and particularly and universal Iv 

The spicula in this spe- ■ , . , 

cies are exceptionally long in the CXlSteUCe Of a Ventral TOW of 
and slender. The male „ 

papillae (ppi.) and supple- o to 2u more or less equidistant sup- 

itientary organs are very - ^ 

well shown. The spicula plcmentary orgaus immediately in 

are protrudable and are r , r ^ 

guided by slender acces- tfOnt 01 the anuS. 1 hC twO well- 
sory pieces half as long j i j ■ , 

as themselves — also uevelopeQ arcuatc spicuIa are of 

shown. . , , , 

equal size, and are always accompa- 
nied by two distinct though small accessory pieces, a 
right and a left. Only exceptionally ate the spicula 
long and slender ; usually they are somewhat uniformly 
arcuate, and appear to be subacute and of somewhat 
uniform width throughout, at least when viewed in 
profile, and about one and one-half times as long as the 
anal body diameter. Usually each is strengthened by a 
median, longitudinal refractive piece. They are never 
prominently cephalated. The accessory pieces are lo- 
cated some little distance inside the anus, alongside the 
spicula, which they may appear to cross when viewed 
in profile. These accessory pieces are usually a little 
narrower than the spicula, and 2 to 4 times as long as 
wide. Distally they usually end in two subacute points, 
often so arranged as to form a small U-shaped figure. When at rest the 
accessory pieces usually appear as if at about right angles to the axis of 
the body. They are not cephalated. 

Supplementary Organs. Sperm. The supplementary organs vary in 
number up to twenty. The hindmost is located immediately in front of 
the anus, and may be a little farther removed from its nearest neighbor 
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than is usually the case in the remainder of the series; thence forward 
the organs are about equidistant. Usually they are more or less con- 
tiguous, though occasionally they are separated by short spaces, especially 

anteriorly. When most highly de- 

veloped, each is a convex-conoid, j 7 _ 
innervated, very minutely papil- •>< 

utpd nr echinulate, more or less Details of male siii>i>ie- 

ItlLvu j • 1 inentarv organs. 

nrotrudable organ, connected with a. mouth 

1 ^^ ... ’A’ ll|>-l>apilla 

the interior by an oblique, mdis- c, n,, 

■ C >l. oDsophagus 

finct element along the axis OI c, nerve-ring 

‘ A A P^iaryngeal tootli 

which a nerve passes inw^aro and innervated iiapilla of skin 
forward to join the ventral nerve ,• pharynx 

_ • - i. rardiac collum 

k, intestine 
i, flexure in testicle 
III, Mind end of testicle 
11. vas deferens 


t>, mouth opening 

q, ejaculatory duct 

r, spicLila 

s, ciaculatory duct 


r duct 

V male papilla 



of the body (v, %. lb). It would 
api)ear that these organs are partly 
tactile and partly excitatory m 
function, and act as the comple- 
ments of the vulvar papillae of the 

. 1 ^ accessory picc. 

female. There is no bursa, ine post-anai iiapiihe 

series of oblique copulatory nius- eiacuiatory i 

ries is always coextensive with ' 

ihe series of supplementary or- -• , 

ram The rather short testes seem to be invariably two in mmibci and 
are outstretched in opposite directions. The spermatozoa of males arc 
minute and present a more or less vermiform nucleus. 

Self-Fertilimg Females; Syngonism 

Males Rare. Conjugation of Syngonic Gamers No 
„.t,. is more interesting than the capacity of the female to repr oiluec 
• ,• f male hv a oeculiar sort of hermaproditisni 

uithemt the intervention of a male— py a peeuiidi I • „ 

called syngonism. Of most of the species no males are known, m the 

then do J fertilize their own eggs by means 

for, as already explained, the tema es 

of spermatozoa which they themse exceedingly 
the mononchs these spermatozoa pro Y Notwithstanding 

minnte.that they have hitherto escaped notice ,„,ers 

its small size, the syngonic sperm cell appears to ^ lueau- 

the egg, expands, and approaches the nuceus o 

off p.l.r IxKli.. « • •«">* 

Observations have not yet extended beyond this point, 
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gether likely that these minute spermatozoa produced by mononcn 
syngones act in what would be called a normal manner, and as the sperma^ 
tozoa are known to do in other syngonic nemas in which they are of much 
larger size, e. g. Rhabditis. 

Abundance; Distribution 

Frequency of Mononchs. Long ago Butschli declared mononchs to 
be among the commonest of nemas, an assertion that has been corrobo- 
rated by all investigators in this field, hardly any of whom have failed to 
note a number of species, occasionally new ones. Our knowledge of the 
genus has been augmented in this way by de Man, Micoletzky, Ditlevsen 
Steiner, Hofmanner, Menzel, Daday, and the writer, until at the .present 
time about sixty species are known. Doubtless this number will he very 
largely increased by future researches. 

Geographic Distribution. Variety of Habitat. Mononchs arc found 
in all the habitable regions of the world. They inhabit the soils and 
fresh waters of every clime, occurring even at great depths in lakes and 
at very high altitudes on mountains. While we have only just begun to 
learn the details of their geographic distribution, it is already manifest 
that some species are cosmopolitan. Several species occur both in Kiirope 
and in North America, and a few of these same species are known also 
from Australia. Considering the small number of observations hitherto 
made along this line, it seems safe to predict that many of the species 
will be found to be cosmopolitan. Some species adapt tbemselves to sur- 
prisingly varied conditions. Mononchiis longicaudatus, for instance, is 
known from the tropics, from temperate regions, and from very cold 
regions, and inhabits both soil and fresh water. Another species, Mon- 
onchus brachyuris, is known both from w^ann springs and from cold 
Alpine lakes. 

Abundance in Arable Soil. Mononchs occim in great numbers in 
arable soil. On one occasion the writer estimated that at least thirty 
millions of mononchs per acre \vere present in the top six inches of a 
field of maize in New Jersey, and the actual number present may have 
been much greater. They are regularly present in practically all arable 
land of a sandy or loamy nature. 

The very numerous introductions of living plants into the United 
States, through the agency of the Office of Seed and Plant Introduction 
of the Department of Agriculture and other agencies, has brought about 
simultaneously the introduction of many species of Mononchus. Nemas 
existing in the soil about the roots of introduced plants are otten 
placed under favorable conditions for propagation in this country. L 
therefore certain that an unusual variety of mononchs exists in the soils 
of the United States. 
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Interplay of Organ, sms are regions where certain nematode 

diseases of crops are very destructive, white other regions, the climate 
and soil conditions of which are apparently similar, suffer but little or at 
least to a lesser degree, so far as we know, In such cases it is p^rmis- 
sible to suppose that the nematodes in the area where the lesser damage 
is done are held m check by some as yet unknown agent. Is it not iws- 
sible that the mononchs play some such rdle as this, and that just as cer- 
tain insects hold other insects in check, so certain nemas hold other nemas 
in check? 

, We know relatively little about the life history of most of the nion- 
Dnchs, ,and as yet ^ very httle about the possibility of controlling their 
growth> One species, Mononchus longicaudatus, occurs at certain times 
in almost Inconceivable numbers in the sand of the slow filter beds of the 
water works of cities. Near the end of the period of use the to)) lavers 
of the sand in these filter beds sometimes become in reality a huge cullure 
of this species. The observations suggest at least the i>ossibilitv of culli^ 


vating this species on a large scale, slioiild it prove desirable to do so. 

The discovery that the genus Mononchus is very large and to a ctiiv 
siderablc extent composed of common and cosmopolitan species that feed 
upon injurious plant-infesting organisms, suggests so manv new lim.s of 
research in soil biology as to make it desirable that a clear and nmiiected 
account of the memiiers of the genus be available to investigators. This 
need is increased by the fact that the literature is a scattered and frag- 
mentary one, difficult to assemble. To these facts It must be added that 
most of the new observations herein recorded have been made u])on 
species previously unknown, 


II 


Genus Mononchus Bastian, I86fi 

This genus is composed of non-marine, free-living nemas, with naked 
cuticle and obscure amphids, and having a plain cesojihagus jircceded by 
a broad— that is, non-tubular— pharynx, armed with 1 to more or less 
immobile teeth of which the dorsal is largest, and supplied with 6 ]io\ver- 
fu.1 palliated lips. Ovaries reflexed, usually two. Testes two, nut* 
str-tched; spicula two, equal, simple, as are their small accessories; there 
is a pre-anal ventral row of supplementary organs. 


Ge.vera SniiLAK TO Mononchus, Whin Distinguishing Chakactkks 


Ofic/joloiijiHj 

-in one it us 
.'ficroMmus 

f full HI 

Oionchus 

■^lonoHchulus 


j Marmt’, som^liuies found in h^ckish soils. Ha^ cephalic sets, 
j Has spiral amphids, and cephalic sets'. 

! .No thick muscular lips; amphids circular. 

Pharynx tubular; teeth movable radially. 

Has spiral amphids and cephalic setx. 

Pharynx filled by single tooth, whicli is really spear-likc. 

Quite similar, lias much larger (ventral) spinneret; strongly deveUp i 
’ lateral fields; smaller pharynx; female organ single. 
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Mononchxis Bastian, 1866 

DORSAL TOOTH midway in pharynx or higher, usually massive 
Tooth not opposed by denticles; subg. mONONCHvS Cobo; 
type, M. truncatHs Bast.; pharynx about 2 to 3 times as 
long as wide, goblet-shaped or ellipsoidal; wall smooth or 
transversely striated; spinneret usually present; males of 
about half the species known; female organs double (except 
7nonhystcra) 

Dorsal tooth faced by 2 ventrally submedian teeth 

Teeth retrorse 

Teeth not retrorse 

Tail conoid, then cylindroid; body 7 mm. long 

Tail simply conoid; body 3 mm. long or less 

Spinneret and caudal glands absent 

Spinneret and caudal glands present . , 

Contour of the head angular; labial papill* 16 
Contour of the head rounded; labial papillae 12 

Pharynx longer than the head is wide 

Pharynx only as long as the head is wide 

Dorsal tooth not faced by submedian teeth 

Ovary 1; pharynx not much longer than wide 

Ovaries 2; pharynx toward twice as long as wide 
Tail simply conoid, 8 per cent or less 
Spinneret none 

Pharynx over half as wide as the head 

Pharynx not over half as wide as the head 
Length about 1 mm.; tooth midway, small, digitate 
Length 1.5 to 2 mm. ; tooth beyond midway, massive 
Spinneret present 
Body 2 mm. long 

Form of the tail regular 

Form of the tail somewhat irregular 

Body 3 to 4 mm. long 

Tooth midway, amp bids a little behind the lips 

Tooth and amphids at the base of the lips 

Tail conoid, then cylindroid, about 10 per cent or more 

OEsophagus 15 per cent 

tKsophagus 22 per cent or more 

Buccal cavity toward 2 times as long as bead is wide 

Spinneret armed with 2 very small set* 

Spinneret not armed with set* 

Buccal cavity only about half as long as head is wide 

Labial papillx setose 

Labial papill*, at least the outer, not setose 

Pharynx ^ as wide as head; body 1.5 mm. long 
Pharynx as wide as head or more ; body 2 
to 3 mm. 

Cavity about 2 times lung as wide; tooth acute 
Cavity about 3 times as lung as wide; tooth 
sub-acute 

Inner labial papill* large; tail sub|-conoid. . 
Inner labial papillae normal; tail finally 

cylindric 

Tooth oppo.sed by numerous denticles on opposite wall 

Arrangement of the denticles irregular ; characters otherwise 
as in Mylonchulus; subg. nov. SPORONCHULUS ; 
type 5. dentaUi^ n. so. 

The tooth behind midway; spinneret present; anus3t92;‘f 
The tooth in front of midway; no spinneret: anus at 96; 
Denticles about 20; pharynx half as wide as the head; ‘P 
Denticles about 50; pharynx one-third as wide as the head 
Arrangement of the denticles orderly 

Denticles along a ventral, longitudinal pharyngeal rib; 
subg. PRIONCHULUS Cobb; type Pr. muscorum 
(Dui.) Bast.; pharynx ellipsoidal, about 2 times long 
as wide; males of one species known; female organs 
double; no spinneret 

Eggs punctate or echinulate 

Eggs not punctate or echinulate 

Length 2.5 to 3.4 mm.; vulva at 65 per cent; anus at 
94 per cent . , 

Width 3.6 per cent; denticles forward pointing 

Width 2,3 per cent; denticles inward pointing 

Length 4 mm. ; vulva at 55 per cent : anus at 97 per cent 
Denticles in transverse rows on 2 sometimes confluent, sub- 
median, rasp- like areas, often with 2 very small sul> 
median teeth at their bases; subg, MYLONCHULUS 
Cobb; type M, minor Cobb; pharynx goblet- shaped, 
tooth more or less arcuate; smaller species of which 


Subgenera 

and 

Species 

1 . MONONCHUS 

(tridentatus de Man 1876) 43 

(rex Cobb 1904) 5^ 

exilis n. sp. 3 

radiatus n. sp 2 

palustris n. sp. 3 

teres u. sp. 4 

monliystera n. sp. 5 


vorax n. su. g 

parvus de Man 1879 7 

papillatus Bastian 1866 g 

intermerlius Cobb 1893 9 

tenuicaudatus Stefanski 1914 U) 

major Cnhb 1893 11 

gerlachei de Man 1904 12 

fovearum (Dujardin) Bastian ’66 13 

megalaimus n. sp, 14 

macrostoma Bastian 1866 15 

nbtusus n. sp. 16 

tunbridgensis Bastian 1866 17 

truncatus Bastian 1866 IS 

dadayi Micolctzky 1904 19 

longicaudatus Cobb 1893 20 


2 . SPORONCHULUS 


recessus 2 lb 

dentatiis 21a 

dccurrens 21c 


3 . PRIONCHULUS 

punctatus n. sp. 


muscorum (Dujardin) Bast. 
longicolUs n. sp. 
spectabilis Diticvsen 1911 


’66 23 

24 

25 
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the males are unknown (exccot tenui^\- 
double (except index and reverses) : 

(except stmt Its) ^ ' s>pinneret present 

diminished, then digitate 
Vulva behind the ovary; denticles normal 

Vulva in front of the ovary; denticles few 

Ovaries 2: tail not digitate^ (Ex. perhaps sigmturus) 

Dorsal tooth somewhat digitate, relatively small 
Refractive ring about pharynx in front of tooth 

Refractive ring about pharynx not prominent 

Dorsal tooth massive, not digitate 

Head rounded, denticles in about 12 rows 

Head truncate, denticles in 2 to 6 rows 

Rows of denticles 2 

Rows of denticles 4 to 6 

Denticles about 4 rows; spinneret small 

Denticles about 6 rows; spinneret larger 

Tail bent ventrally near the middle 
C^audal setae none; tail conoid 
Caudal setae (3 pairs) present; tail not coiioid 
Tail arcuate or straightish 

Width of adults 2.3 per cent 

Width of adults 2.7 per cent or more 

Caudal glands and spinneret absent 

Caudal glands and spinneret present 

Eggs thick shelled 

Eggs thin shelled 

Buccal striae faint if any; anus 94 to 
96 per cent 


Species aquatic 

Species not aquatic 

Buccal striae more pronounced; anus'98 
per cent 

Spinneret finally dorsally recurved.. 

Spinneret not dorsally recurved.... 
dorsal tooth and others small, basal or nearly so (Exc. 44) 
Teeth retrorse, small, basal, exceptionally midw^ay; subg. 
AS'ATONCHUS Cobh; tvpe A. tridentatus de Man; large 
species with roomy elongated pharynx and smallish retrorse 
teeth; tail long and usually becoming cylindroid; female 
organs double; males of most of the species known 

Body 2 to 4 mm.; teeth equal, midway; anus 90 per cent 

Body 5 to 6 mm.; teeth sub-basal; anus 80 to 85 per cent 

Submedian teeth equaling the dorsal; body 6 mni 

.Submedian teeth smaller than the dorsal; body 5 mm. 

Teeth not retrorse, small, or even minute; [OTONCHUS 
Cobb: type I. gymnolaimus Cobb; large soecies with roomy 
elongated - haryiix having longitudinal ribs; tail rather 
long, and often slender; males of more than half the 
species known; female organs double or single; most 
species with spinneret 

Ovary single; 1 to 3 rudimentary basal teeth 

Tail digitate; 3 sub-equal vestigial teeth 

Tail not digitate; 1 dorsal tooth, remainder faint or none 

Posterior extremity setaceous 

Posterior extremity slender hut not setaceous 
Pharynx as long as wide; few submedian denticles... 
Pharynx about 2 times long as wide; faint submedian 
teeth 

■Ampliid simrile; buccal wall thin, transversely striated 

.Ampliid duplex; buccal wall thick, not striated 

Oviries 2; 1 to 3 small, sub-basal teeth 
Body 4 to 7 mm.; tail finalW cylindroid; 3 teeth 
Spinneret present; lips rather plain 
Length 4 mm.; anus 90 per cent; the 3 teeth subequal 
I.ength 6 to 7 mm.; anus 80 per cent; submedian teeth 

smaller 

Sninneret none; lins striated lengtliwi.se . 

Body 1 to 4 mm.: tail conoid; 1 tooth, sometimes denticles 
.Anus at a^'out 86 ncr cent: Hil finally sub-evlindroid . . . . 
Anus at about 94 n^r cent: tail sitnulv conoid 
Dorsal tooth small, others basal, minute, indefinite.... 
Dorsal tooth distinct 

Buccal cavity half a? wide as !ong:_ tooth siib-hasal, . 

Buccal cavity as wide as long; main tooth basal 

Soinneret present 

Spinneret none 


*1. 

index ('iibb 1907 
reversus n. sp. 


obtusicaudatus Dad ay 1901 
brachyuris Butsclili 1873 

denticulatus n. sp. 

^»I)arsus n. sp. 

micrurus n. sp. 


ini'urvus n. sp. 
sigm.iiurus n. sp. 

tenuis n. sp. 

rimili.s n. sp. 

obliquiis n. s]). 


( laciistris Cobh 1915 
) nobnicus Stefanski 1915 
minor Cobh 1X93 


lirevicandatus n. sp. 
japonicus n. sp. 


5 , AMATOXenrS 


tridenlatus de Man 1876 

gracilicaudatus’ n. sp. 
dolichurus Ditlevsen 1911 


6. /OTOATWr.V 

digitiifus Cobb 1893 
trichurus n. sp. 

(bathybius Micoktzky 1913) 

gyinnolainuis Cobb 1893 
consimilis n. sp. 

rapax n. sp. 

rex Cobb 1904 
regius n. sp. 

bathybius Micolctzky 1913 

stiuieri Steiner 1914 

zschokkei Menzel 1913 

hrachylaimus n. sp. 
acutus n. sp. 


28 

29 

30 


3.1 

34 

35 

36 

37 


38 

39 

40 


4] 

42 


43 

44 

45 


46 

47 


48 

49 
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51 

52 

53 

54 
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1. M. exilis, n. sp. The cylindroid neck ends in a rounded head with a dis- 
tinctly expanded lip region. The large pyriform pharynx is armed with three sub- 
equal teeth. The wider anterior part of the pharynx is two-thirds as wide as the 
* head. The apices of the teeth are midway, 

the dorsal one being a little the farthest for- 


UB 

6.2 

27. 

‘70’15 

98.2 

1.6 

1.8 

2. 

2.3 

1. 

1.6 

6. 

24. 


98. 

1.6 . 

1.8 

2. 

2.2 
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ward. Amphids somewhat behind the lips, 
but farther forward than the teeth, consisting 
' of somewhat rectangular markings one-fifth 
as wide as the head, longest in the transverse direction, and with the lateral and 
front margins plainer than the posterior. Lining of the oesophagus not so promi- 
nent as in most mononchs. Intestine greenish, finely granular, obscurely tessellated. 
Card! a long and plainly to be seen through the flat, colorless pseudo-bulb at the 
beginning of the intestine. The rectum has a thick lining of highly refractive 
ceratin, and is a prominent organ one and one-half times as long as the anal body- 
diameter. Terminus about one-fourth as wide as the base of the tail. The very 
broad vulva is only slightly elevated. Posterior sexual branch only two-thirds as 
long as the anterior. On the male there is a row of about 14 equidistant, rather 
closely approximated ventral ridges in front of the anus, extending forward a dis- 
tance equal to 3 tail-lengths. These do not bear any prominet papillae. The body 
is somewhat thicker in the region of these ridges. Spicula linear, uniformly 5 p, in 
diameter when seen in profile, the proximal end being in no way distinguished from 
the rest of the shaft. The accessory pieces appear to rest rather closely against the 
distal halves of the spicula. 

Found about the roots of moss, AIoss Vale, New South Wales, 1894. Examined 
in water after fixation with osmic acid. 

2 . M. radiatus, n. sp. The 3.3 9. 

amphids of this rather small 2.2 2.8 ?.8 2.3 2.2 

but elegant species are minute and inconspicuous,— about one- 
eighth as wide as the corresponding part of the head. The 
granules of the intestine are largest posteriorly, where they are 
about one-half as wide as the spinneret. The intestine is not 
tessellated. The tail is markedly arcuate, its spinneret about 
one-fifth as wide as its base. Anus very slightly raised. Caudal 
glands rather small, elongated. Sexual organs apparently double and symmetrically 
reflexed. 

Description derived from a single young specimen from a cranberry bog in New 
Jersey, U. S. A. Flemming solution to glycerine. Fig. 

3, M. patustris, n. sp. Intestine 12 to 15 cells in girth, more or les.s distinctly 
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tessellated. Tail arc- 


2. 2.3 2.6 2.7 1.9 ^ uate, its rather conoid 

spinneret about one-fifth as wide as its base. Caudal glands 
broad and saccate, their ampullse occupying most of the 
posterior half of the tail. The elongated eggs are about 
twice as long as the body is wide, and occur one at a lime 
in each uterus. The rather small, tapering ovaries contain 
8 to 10 ova arranged more or less irregularly. 

From a white cedar swamp, Jefferson County, Wis- 
consin, U. S. A. Feeds upon rotifers and probably upon 
other nematodes, which it appears to masticate (page 443, 
fig. 10). Sublimate to balsam. Fig. 18. 


* This deciniiil formula for nemas is pxplained in the appendix. _ • fre the 

*■* The species figures have the saTne magnification throughout, so that the reader may gua,. 
relative sites. 
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iw. teres, n, sp. This comparatively small, simple {orm has ) „i v 
teeth of equal size. Walls of the intestine with numerous t ' ' i 
forni size giving rise to a faint tessellation; the granules "tmut 

required to span one of the 3,9 12. 35, §0^ 94 ^ wouw K 

atnphids. Tail rather strongly 374 Te JTs §7? — 

arcuate, its fairly well developed spinneret about one-hfth as wide 
as its base. Caudal glands somewhat elongated, their small but 
rather conspicuous ampullae nearly filling the posterior fifth of 
the tail. 

Description prepared from a single, more or less shrunken speci- 
men, found ill the sphagnum of a pot in which blueberry plants 
were being cultivated. Bears a general resemblance to paMlhUus, but differs in tin 
form of the pharyngeal teeth and of the terminus. Flemming solution to glvccrine 
Fig. 19. 



5. M. monhystera, n. sp. Amphids not seen. Lining of the rectum and of tlic 
intestine rather distinct and refractive. Intestine only faintly tessellated, if at all. 

3. 3 9.? 27. ^7319 94 , Tail arcuate, rather 

3.6 3.2 2.3 blunt, without spin- 

neret. From the rather conspicuous, more or less elevated 
vulva, the vagina, which is two-thirds as long as the hody is 
wide and tubular, extends obliquely inward and forward. 
Nothing definite is known with regard to the eggs or the 
form of the ovary. 

Found about the roots of orange trees, Bahia, Brazil. Bears 
a general resemblance to M. papillatus, hnt has only one 
ovary. This species is nemativorous. Flemming solution to 
glycerine. Fig, 20. 

6. M. vorax, n. sp. This voracious species has a large mouth cavity and the 

oesophagus is therefore at first slightly swollen. Intestine 12 to 20 cells in girth, 
not tessellated. The 2.7 8. 27. ‘ 67’ 22 92 . 

terminus of the arc- Ya 273 2A LS TX" 
uatc tail is about one-seventh as w’ide as its base. The 
elongated eggs are about twice as long as the hody Is 
wide. Each ovary contains about 30 developing ova, 
arranged irregularly. Small sperm cells were seen in 
abundance at the flexure, in a condition indicating that 
the species is syngonic. 

Found in soil from a white cedar sw^amp in Wiscon- 
sin, and from a cranberry bog in New Jersey, U. S. A. 

This is apparently a voracious feeder on other nema- 
todes. Remains of Dorylmmus 
and I r onus were seen in the 
intestine. Resembles J\f. mac- 

rosfonm, but the tail is conoid and has no s])innerft. Sul)- 
limate to balsam. Fig. 21. 

7. M. parvus de Man. De Man mentions the presence 
of mim.te teeth at the base of the pharyiiv, near the be- 

a.l 9.5 ‘63- 93 ginning of the a-soph- 

3’: — 3 T 6 73 TV 3 . " SRI'S- '-"""R '’f 

resophagus well developed. Intestine apparently about 10 
to 12 cells in girth, tessellated. Rectum somewhat^ shorter 
than the anal body-diameter. Tail arcuate: its terminus onl.v about one-eighth as 
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wide as its base. An egg seen in the uterus measured 100 fi in length. It is not 
certain that caudal glands are present. 

Knowledge of this species rests very largely on the observations of Dr. J. G. de 
Man, who says that it is an active species, common in sandy soils of the dune dis- 
tricts of Holland. Occurs also in Germany, according to Brakenhoff, whose speci- 
mens, however, have the dorsal tooth close to the lips instead of midway as in the 

type form. Fig 22, previous page (after de Man). 

8. M. papillatus Bastian. Glands are present in the segments of the oesophagus 
and are most strongly developed in the posterior half. The secretion of the glands 

a/ 3 , 9.3 29 . ‘ 62 ’ 93 . doVsal segment 

2.S '3.5^'^r 4^3 2.1“ pours into the lumen 

of the cesophagus through a minute pore near the middle of 
the neck, a short distance behind the nerve-ring. Under favor- 
able conditions lenses of the highest power show transverse 
stria: to he interrupted on the lateral lines, where there are 2 
I ^ refractive longitudinal striations very close together. What 

[/ appears to be an ordinary ventral renette pore is found a short 

distance behind the nerve-ring. The writer’s investigations 
prove this species to be syngonic. The longitudinal ribs of the pharynx, probably 
3 in number, arc a little more prominently developed than usual. Occasionally a 
subventral or submedian rib of the pharynx shows traces of most exceedingly fine 
denticles. Only the most careful examination of favorable specimens shows these 
denticles. The writer has never observed a denticulated ventral rib like that of 
muscorum, as mentioned by Menzel. 

A common, voracious, cosmopolitan, uemativorous species. Found in many parts 
of Europe and of the United States, and also in Hawaii, Australia, South America 
and Asia. Fig. 23. See also fig. 8. 

9. M. intermedius Cobb. Truncate head having 6 lips, each with 2 papill*. 

The elongated-oval amphids are half as wide as the base of the lip. The rather 
long, goblet-shaped pharynx is half as long 2.5 7.4 24 , 

as the head is wide, and presents a mod- 274 1.4 27s 3.3 2~4 ^ 

erate-sized dorsal tooth two-thirds the way from the base to the lips. The intes- 
tine, whose commencement is marked by the presence of a pseudo-bulb, shows a 
rather indistinct tessellation. What appears to be a ventral renette pore occurs 
just behind the nerve-ring. The lateral fields are one-fourth as wide as the body. 
Caudal glands are present in the conical, arcuate tail. Spinneret almost pointed. 
Anus depressed, consequently conspicuous. Vulva conspicuous. The reflexed por- 
tions of the ovaries extend one-half way back to the vulva. 

Found about the roots of sugar cane, Harwood, Clarence River, New South 
Wales, Australia. Examined in water after fixation with osmic acid vapor. 

10. M. tenuicaudatus Stefanski. The lips are said to bear 6 large, spheroidal 

papillae. A transverse element is said to traverse the wall of the pharynx opposite 
? 7 21 . *504-’ 94. . the apex of the 

^ ^ ^ ' dorsal tooth, and 

to hear 2 slightly curved projections. The oesophagus 
is muscular. At first the tail diminishes regularly in 
diameter, but presents 2 swellings in the posterior part. 

Found among algae, in the Rhone River, Switzer- 
land. This species is said to resemble M. macrostoma 
Bastian in the form of the buccal cavity, but to differ 
from that species in the details of the structure of 
the mouth, as well as in the form and length of the 
tail. Fig. 24, after Stefanski. 





COBB -THE MONOHCHS 


459 


, 1 . M m.j«r Cobb. Labial pap. h. of the inner row each w-i,h 3 (?) nerve- 
endmgs An.ph.ds shghtly fcther forward than the apex of the dorsal to"h 
Lateral fields one-fifth as w.de as the body. Intestine composed of rather^ 

small cells, 
showing an 
indistinct tes- 
sellation. The 

eggs are probably less than twice as long as 
Each of the 12 rather conspicuous, 
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wide. 


echinulate, mammiform accessory organs 
situated on the posterior side of a transverse • 
ceratinous ridge extending one-fourth the dis- 
tance around the body. The anterior two or 
three and the posterior one of these organs 
are smaller than the others. There are 2 pairs 
of ventrally submedian papillse, also inner- 
vated, on the anterior third of the tail, the 
posterior pair being near the end of the an- 
terior third, and the other pair half way be- 
tween that point and the anus. There are 
other papillae faintly visible on the dorsal side 
of the tail and elsewhere (fig. 16). The fe- 
males of this species also present papillae near the vulva; 3 small, ventrally 
submedian papillse on each side of the body, one opposite the vulva, one a short 
distance in front of it and another a short distance behind it, and in addition a 
tandem series of 3 papillae, both in front of and behind the vulva, on the ventral 
line. The location and conformation of these papillse is shown in figure 12. Dould- 
less the females of other species possess similar papillae. Fixed with osmic acid ; 
examined in water. 

Found about the roots of plants, in damp soil, Moss Vale, New South Wales, 
Australia. Also about turnips in Tasmania. This species resembles the following. 
Fig. 25. 

12. M. gerlachei de Man. Lateral fields about one-third as wide as the body. 
In transverse section the buccal cavity, though nearly round, is obscurely three- 
sided, and shows the existence of 3 small, longitudinal grooves in the wall of the 
2. 5.2 10. *50’33 92^5 
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pharynx, presumably so functioning as 
to increase the elasticity and mobility of 
the pharyngeal walls. What appears to 
he a renettc pore occurs immediately 
behind the nerve-ring. Anal muscles 
are well developed in the female. Spic- 
ula arcuate, tapering both ways, about 
one and one-third times as long as the 
anal body-diameter, and in their widest 
part about one-sixth as wide as the 
corresponding portion of the body. The 
accessory pieces are about one-third as 



pieces are aucui pue-u.u. « long as the spicula, 
poorly developed, appearing to be parallel to them w en viewe in pr 
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pre-anal ventral row of supplementary organs is essentially the same as in major 
(fig. 16). According to Steiner’s observations the number of supplementary organs 
in this species may at times be as great as that noted in major. Steiner calls atien. 
tion to the existence of a submedian row of pre-anal papillae, lying on either side 
of the ventral row. The tail bears 3 pairs of papillae, one submedian or subventral 
pair near the anus ; a second subventral pair slightly behind the middle ; and a third 
dorsally submedian pair at the beginning of the final fourth of the tail. In 
male the slightly conoid spinneret is one-sixth to one-seventh as wide as the base of 
the arcuate tail. The-proportions are about the same as in the female, although the 
tail of the female is slightly longer and more slender, and not so strongly arcuate 

Found among fresh water algse, Cape Van Beneden, Danco Land. It is ratliei- 
difficult to point out satisfactory differences between this species and major. The 
]>harynx of gerlachei is relatively smaller and is thicker walled, and its dorsal tooth 
is slightly farther forward. The number of labial papills — sixteen — appears to be 
the same in each. The amphids are perhaps slightly farther back in major than 
in gerlacliei. The number of papillae noted on the tail of the male of major h 
greater than that noted on the tail of gerlachei, but so far as the distribution of 
the dorsal papillae on the tail gerlacliei is concerned, they appear to accord verv 
closely with those of major. The two species appear to be closely related. Fig. 26 
on the previous page (after de Man). 

13. M. fovearum (Dnjardin) Bastian. This is an insir^ciently known species 

and may have to be declared numen nudum. Head a trifle angular. Pharynx 
angular, “armed wdth 2 to 3 straight pieces, each ? ? i &. s.'?, 

(?) with a nroiinimeed tooth in front of the ? ^ V 3, ? 

middle,” Tail tapering at first but retaining the same diameter through its pos- 
terior half, and ending in a sort of spinneret (?). Eggs in single series. 

Found at Rennes, France, in a fresh water ditch, along with Branchipus, entn- 
mostrica, Euglena etc, De Man suggests that this species is related to tridentafns, 

14 . M. megalaimus, n, sp. Labial papillse obscure. Amphids obscure, half way 
between the apex of the dorsal tooth and the anterior extremity. Cardia large and 

2.9 9. 28. ee . _ . conspicuous, more or 

1.8 2.6 3.1 3,6 1.7 less cylindroid, three- 

fourths as wide as the body. Intestine about 12 cells in 
girth, more or less distinctly tessellated. At the end of 
the anterior third the tail is onc-foiirth as wide as at 
the anus. Spinneret slightly swollen, with 2 very small digi- 
tate setae. 

About the roots of plants, in a tamarack swamp, Wisconsin, 
U. S. A. This mononch is peculiar in the relatively meager 
development of the labial papillae and the pharyngeal teeth, 
and the weakness of the pharyngeal muscles. Flemming sohi' 
tion to glycerine. Fig. 27, 

15. M. macrostoma Bastian, Inner set of labial papillae inconspicuous; outer 
set fairly well developed. The neck tapers but little. The head, how-ever, is rather 
m.arkedly convex-conoid. De Man describes and figures 2 exceedingly minutfi 
submedian teeth at the base of the pharynx. Clfsophageal lining strongly devel- 
oped. Intestine 12 to 15 cells in girth, tessellated. Posterior half or two-tlhrds of 
the tail of the female of practically uniform diameter, tapering but very slightly. 
Spicula arcuate, very’ slender, about twice as long as the anal body-diameter. Their 
proximal ends are not cephalated. They are accompanied by 2 accessory pieces, 
hardly one-third as long, arranged parallel to their distal parts. Supplenientar) 
organs, about 20, in the form of innervated papillae, spread over a distance nearly 
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equal to the length of the tail the posterior member of the series being a short 
d>s ance m front o the anus. There are 3 pairs of somewhat equidistam subvem 
tral post-anal papill® on the anterior part of the tail. There are alsy lateral 
papillas on the tail. 

This beautiful, ac- ~ — I' 

a.U 3.2 

live, rather common 


species IS found in ? 

the soils of meadows aua marshes in many parts of 
Europe; it is also aquatic. The writer has followed 
Dr. de Man’s rehabilitation of Bastian’s inacrostowa. 

Corresponding females which the writer has found at 
the Arlington Farm, Virginia, S. A,, indicate the 
presence of exceedingly fine transvWsc .'^tri«, and of in- 
conspicuous wings. Amphids obscure, just behind the 
lips, difficult to see except in dorso-ventral view. The 
a-sophagiis receives the basal fourth of the pharynx 
and in this region is very slightly swollen. The writer 
failed to see the minute basal onchi mentioned In- de Van. The tliin-du'lled e-'«w 
which occur in the uteri one at a time, are about one and oiie-fourth times as h,n"’ 
as the body is wide and about half as wide as long, and are ajiparently ru'posited 
before segmentation begins. The writer has no doulit this species is syngonic. A 
female which had yet to undergo the final moult contained an egg which Inul its 
.shell completely formed, and was evidently iji a state preparatory to segmentation. 
Flemming solution to glycerine. Fig. 28 (after de Man). 

According to Bastian the following differences exist between utOiToslonui and 
trnncahis; macrosloma is 50 per cent longer, and is relatively narrower in the ratio 
of 3.5 to 5.3. Macrostoma tapers less in the neck, and has papilhe, while Innuulus 
has none. While macrosloma is the larger, its pharynx Is no longer; tlie oncluis is 
a little farther forward. The intestine in macrostouw is less distinctly tessellated. 
The posterior part of the oesophagus in macrostoma is figured as having an internal 
expan.sion. These characters .seem to the writer sufficient to sejiarate the two 
species. It is probable that papillae on the head of fnincalus were overl{H)ke<l Iw 
Bastian. This would have been easy, for instance, if the papilla on tnmratns are 
similar to those on megalaimus. See figure 27. 
i6. M, obtusus, n. sp. Fapillse setose. The adjacent figure (29) is after 

2.4 ^ 25. ‘50-1’ 87. Biitschli, whose 

2.5 ’ 4.2 ’ ?.3 figures seem In 

represent a different species from that figured hy de 
Man under the name macrosloma, notwithstanding the 
general resemblances. The proportions of the tall aii<l 
of the spicnla are different in the two forms ; the dis- 
tribution of the paplllfe on the tail is also different, and, 
while the number and position of the pre-anal ventral 
supplementary organs are about the same, their form as 
shown by Biitschli is decidedly different from that 
shown by de Man. In addition, Biitschli’s figure .shows 
3 pairs of pre-anal, vcritrally snbmedian papilla? coex- 
tcnsi\’€ with the ventral row, Biitschli s data may there- 
fore, the writer think.s, be taken as establishing this new- 
species. Synonym, M. tnincatus Bastian of Biitschli. 

Found in the River Main, Germany; common in mud 
and in aquaria and among aquatic plants, in moving -w ater not foul, See also fig. 15. 


2 . 
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17 . M. tanbridgensis Bastian. The Tunbridge mononch is interesting histori- 

cally as well as intrinsically, for it was an examination of numerous specimens of 
this aquatic nema that marked the beginning of the classical researches of the 
l.A 6.7 24. 69. 

2 I 2 T 8 Ti Tt 27r ” 

2.4 7.8 23. *53^^^ 90. ^ , 

2 "^ 2 "^ j 2 ^ g 2 7 t y ^ 

well-known English nematologist, H. 

Charlton Bastian. The upper formula 
is the average of glycerine specimens 
from the Arlington Farm, Virginia, 

U, S. A., while the lower formula is 
the average of the writer's balsam 
specimens from Tunbridge Wells, Eng- 
gland. As a rule the head is rather suddenly contracted opposite the pharynx, and 
this is perhaps the best distinguishing mark of the species. Bastian, who had an 
abundance of specimens, emphasizes this character. The adjacent figures are those 
of Dr. de Man, and show the pharynx relatively a little narrower than is usual. The 
tails of the writer's Tunbridge Wells specimens accord rather with Bastian’s figure 
than with his description. As is often the case in other mononchs, the labial papillae 
stain more strongly with carmine than do adjacent tissues, so that the Up region as 
a whole appears strongly colored. Opposite the dorsal tooth there is an exceed- 
ingly minute, low, subventral projection. The form of the amphids is not fully 
determined ; they are located nearly opposite the base of the pharyngeal tooth, and 
have a width one-half to one-third as great as that of the pharyngeal cavity. Near 
the cardia the oesophageal lining occupies about one-fourth of the optical longitudi- 
nal section of the oesophagus. The intestine, which may present a certain amount 
of tessellation, is about 10 to 12 cells in girth. The anterior two-fifths to one-half 
of the tail is conoid in such a fashion that at the middle the diameter is about 
one-sixth as great as at the anus. Thence onward the tail is nearly cylindrical, and 
ends in a very slightly expanded terminus armed with one or two very inconspicuous 
papillae. That a sticky substance often exists on the surface of the terminus of the 
tail is evident from the accumulation there of minute particles of foreign matter. 
Caudal glands appear to exist immediately behind the anus, but their nuclei have 
not been definitely made out as yet. The lateral fields appear to be one-third as 
wide as the body. Each ovary contains a score or more of developing ova, ar- 
ranged in several tiers in the distal half of the organ, but single file elsewhere. 
The somewhat elongated eggs are about one and one-third times as long as the 
body is wide, and about half as wide as long, and occur in the uteri one at a time. 

This seems to be primarily an aquatic species, though the writer has found it also 
in soil in the vicinity of rivers and streams. Fig. 30 (after de Man). 

18, M. truncatus Bastian. CEsophagus conoid, its lining well developed. Intes- 

? Z5. ‘50+’ 66 . ^ „ tine about 12 cells 

— ~ ^ T.4 ^ 1.8 mil 

? 25. M 92. X « distinctly tes- 

^ sellated. Lateral 

fields broad and distinct. It is ?, question whether to 
retain this species on the basis of Bastian’s original 
description, or to accept Biitschli's description as a 
rehabilitation' of Bastian’s species. It is hardly likely 
that any species of Mononchus is destitute of labial 
papillae, and in this respect Bastian’s description 
seems defective. The extreme reduction of the 





COBB-THE ^}OKO^’CHS 


463 


labial papilla so far recorded is shown in megakmus. BiitscliU and later authors 
describe and figure the papillse of tniMcatuj as setose. U seems hardly lihely tliat 
Bastian would have overlooked setose papillae such as those figured by Biitschli, 

Iti that case Bastian’s Iruncatiis should be retained as a species, probably hat ing 
very inconspicuous labial papillae similar to those of while the data 

■ -en by Biitschli may be taken as establishing a new species, for which the name 
is proposed, (See No. 16.) 

Found in a small pool, among decaying moss and liverwort, England. Fig. 31 
(after Bastian). 

M. dadayi Micoktzky. A striking character of this species, "M. moostonm 
Bastian var. armatus Daday,’' as described by its author, is the presence oE 6 small, 

■> V 22 , ? 86. tooth-like cuticular spines close 

-~ fpf 7 ? ? Ta 2^^ around the mouth. No such 

structures have been seen in other species, and accordingly 
Micolctzky has proposed for the form the name dadayi. 

* This is a littoral species. The description and drawings 
rest upon the examination of a single specimen. 'Hie original 
: description is very brief and the accompanying illustrations, 

one of W'hich is here reproduced, are meager sketclies of the 
, head and tail ends, A more complete examination of furlher 
_ X750 specimens is desirable. Fig. 32 (after Daday). 

20. M. longicaudatus Cobb. Opposite the ai)ex of the dorsal tooth there are 
refractive transverse thickenings of the wall of the pharynx in the ventrally sub- 
median region, and in front of these thickenings there are a few transverse stria*. 
The lateral fields are two-fifths as wide as the body, and are distinctly to he seen, 
since they have definite lateral contours, doubtless owing to the thickness ol the 
muscular layer The lateral fields contain scattered, nearly colorless granules 
somewhat smaller than those contained in the intestinal cells. In young specimens 
the vagina is distinctly separated from the uterus by a deep constriction, and the 
uterus itself is bulbous near this constriction and narrower farther away 

caudatus is a syn- 3. 6.? 28. 15^ 

In 



l.ongi- 


2. M 


gotlic species. In 2. 2.4 3. 3. 2.4 

the adult and egg-producing specimens the eggs are 
seldom or never seen more than two at a time, one m 

each uterus, , 

A predacious species, feeding upon other nematodes, 
upon rotifers and protozoa. It is cosmopolitan, and i. 
found in rivers, ditches and pools, as well as in t 
soils of swamps and meadows. It occurs, sometimes m 
vast numbers, in the sand of the slow filter beds of the 
water-works of cities and towns. Flemming sohtioi 
to glvcerine. Fig. 33 ; also fig- 2, p 434. 

Lmgiamdatus suffers from an internal disease caused 
by a fungus having a branched mycelium. ^ l^ody wall of the 

of the mycelium is about half as great as e ■ distance equal 

nema. and the septa of the cells are separated from ^ ,his nema, 

to the diameter of the body. There are two to be 

one of microbe origin, the other of j ’ I ' elements 

confined to the cuticle. One consists of s or s y , These have been 

on the surface of the body extending out war a n cQd.th\K sometimes of 

seen on the tail end. The microbe growl t appears ^ ^ 
considerable thickness, and occurs on various par s o 

(iji-35) 
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at both extremities. The adjacent figure (34) depicts the tail end of a male founa 
in Hawaii about the roots of sugar-cane. The general resemblance to the male as- 
signed by Biitschli to M. truncatus Bastian is very striking, yet 
the differences in detail are also pronounced. The number of 
supplementary organs is 16 instead of about 20, and the organs 
themselves relatively shorter and more plump. The spicula and 
their accessory pieces have the same general proportions and size. 
The tail also has the same form and proportions, but the termi- 
nal portion is more slender in the Hawaiian specimen, and the 
distribution of the papillae thereon is decidedly different, as will 
be seen by comparing figures 15 and 34. Male mononchs are so 
rare that the amount of variation that may exist in a given 
species is a nearly unknown quantity, so that it is not exactly 
easy to make intelligent comparisons between the males in 
these two cases. The Hawaiian male is supposed to be the 
male of M. longicaudalns, the only one that has ever been 
seen. It is interesting to note that when the spicula become 
long and slender the accessory pieces also become long and 
slender, but maintain their general form and are bifurcated at 
the distal end. Fig. 33 (on the previous page) and fig. 34. It is 
a curious fact that this, the only male of M. longicaudatm 
ever seen among the many thousands examined, should have 
come from soil, since longicandatus is much less common in 
soil than in water. 

2 ia. M. dentatus, n. sp. This representative of a new subgenus is especially 
interesting as a guide to speculation concerning the relationship of Mononchits to 
3. 9. 27. *62’!^ 95. , , 


2.6 2.8 3.3 3.3 l.S 

other genera. The scattered denticles are 
paralleled in certain marine nemas. The 
arcuate tail is conoid from the raised anus. 

The rather blunt terminus is about one- 
fourth as wide as the base of the tail. There 
is a pair of ventrally submedian, innervated 
papillae a little in front of the middle of 
the tail. The amphid is sometimes more elongated than shown in the illustrations. 

Description of a young female, from roots of orange trees, Bahia, Brazil. Fig. 35. 
For 21b, M. recessus, and 21c, M. decurrens, see Appendix. 

22 , M, punctatus, n. sp. This species is proposed for the reception of the 
specimen described by Brakenhoff under the name M. papillatu^ Bastian, which 
appears to differ from 2.5 ? 25. ‘ 65 ’ 28 93 ^ 

any mononch hitherto 







3.2 ? ? 3.5 ? 

described in that the shells of 
the eggs are echimilate. It is 
placed in the subgenus Pr\~ 
onchulns, though with some 
doubt, principally because both 
the description and the figure 
of Brakenhoff show the pres- 
ence of denticles on the ven- 
tral rib of the pharynx. The 
author says: '‘Hier findet sich 



namlich eine, in der Mitte (und an den 2 Seiten) fein gezahnelte Leiste. 1 
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Zihnelung erstreckl sich fiber eine etwa 0.016 mm c, , 

distalwarts etwa in der HChe der Spitze des dorsalen lahn " Th“" 
eggs occur in the uteri one at a time, are about as long as the bod ' 
t\NO-thirds as wide as long. und 

Found among the roots o£ Alopecuns denliaihlm >.«ii ■ . 

in the bottom of ditches and lakes in Germany. Fig 36 and 36a 

M.muscorun. (Dujardin) Bastian. The oto Ld^„ ^ 7/,”“'' 

species.^ Intestine tessellated. Tail conoid and arcuate.' The reflLed V aries nob 
containing about a dozen ova arranged ’ ^ 

more or less in single file, extend half way 



2. 9. 24. 


94 . 


2.5-3. nni 



2.1 2.7 3.2 3.6 1.6 2 . 3.2 3.7 4.4 2.5 

back to the projecting vulva. The eggs are one and onc-half times as long as the 
body is wide and three-fourths as wide as long. The anterior sexual organ is 
somewhat the larger. Fig. 37, left. 

This is a beautiful and rather common cosmopolitan species, occurring in swamps, 
marshes, meadows and moorlands. It has been found in various parts of Europe 
and is not uncommon in the United States. It was first found by Dujardin in the 
Jardin des Plantes, Paris, where it still thrives ; the writer recently found it about 
the roots of some heather imported thence. It feeds on smaller animal organisms, 
among them other nematodes. The following is a variety : 

M. muscorum (Dujardin) Bastian macrolaimiis, n. var. Besides differing slightly 
in proportions from the type form of the species, the variety has a somewhat larger 
pharynx,- with smaller denticles on the ventral rib. The submedian papillae of the 
outer sets arc apparently double instead of triple, though at 
some distance behind the outer submedian papillae there is a 
special siibmedtan innervation. Most of these minor differences 
are set forth in figures 36 and 37. 

Found in Cladonia rangiferina, tamarack swamp, Wisconsin, 

T. S. A. Fig. 38, right. 

24 . M. longicoliis, n, sp. A species resembling M. nuw- 
corum, but which differs in the proportions of the various parts 
s^nd in the conformation of 3,1 jo. 27. Y 93. 
pharynx, the denticles 2.2 2.4 2,3 2.1 1.8 

which are irregular and inward pointing. Submedian papil- 
of the outer row double, instead of triple as in mwconim. Amphids relatively 
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larger than in Strire very d.fficult of resolution l-«: 

roots of pitcher-plants and tamarack, in a swamp, Wisconsin, U. S. A. I he differ- 
ence between this and muscorum may not be very important. Both are nema- 
tivorous. Flemming mixture to glycerine. Fig 39 (at bottom previous page), 

35 M. specUbilis Ditlevsen. The muscular (esophagus encompasses the proxi- 
mal third of the pharynx, and has a conspicuous lining. The uteri may conlain 
? ■> ?o. ‘ 55 » 96.8 a . irotn to 4 eggs, 

usually 2. The 
acute conical tail 
is strongly arcu- 
ate. The male is a little more slender than 
the female, and increases in size from a point 
where the supplementary organs commence, in 
such a way that the body assumes a maximum 
circumference near the The copulatory 

muscles are strongly developed, and the num- 
erous, prominent, supplementary organs appear 
to have a subvcntral position, forming two 
longitudinal row^s, between which is a groove. 
Fourteen of these supplementary organs are 
figured by Ditievseii— manifestly not the whole 
series. The arcuate spicula, which have a 
strengthening piece m their distal halves, are 
about one and one-half times as long as the 
anal body-diameter. Their proximal ends arc 
not cephalated. At the widest part, toward 
the proximal end, thev are about one-fifth to one-sixth as wide as the body; thence 
toward the distal end they taper gently. The obscurely bifurcated accessory p.ece, 
which in profile view appear to cross the spicula, are of the usual form, and are 
about one-third as long as the spicula, and about one-third to one-foiirth as wide as 
long Their distal extremities lie somewhat in front of the tips of the spicula and 
toward the ventral side of the body. The elongated eggs are nearly one and one- 
half times as long as the body is wide, and les.s than half as wide as long. 

Numerous specimens, the males as iiumerons as the females, foimd Hellenp, 
near Oresund, Denmark. This species exhibits the phenomenon of flotation. Dib 
levsen says- “If some material (meadow soil) is spread in a flat glass cup and 
water is poured over it, the mononchs will mount rapidly and be lying on the sur- 

face dry and shining.” Fig. 40 (after Ditlevsen). _ the base of 

26 M. index Cobb. No striae seen. The neck dimini.shes oppos - 

the pharynx to form a rather cylindrical, truncated head which is slightly expan e 
at the lip region. Amphids, one-fifth as wide 2 ^ 8.8 30. 


as the head, arc indicated by transverse mark- 2.4 3.2 3.5 . • 

ings, bent backw ard at each end, and located opposite «« ^ 

tooth. Denticles in about five rows, the outer rows or 

as wide as the head, and about three times as deep as w de. 

less conoid, with a massive lining occupying about one Hated, 

tion. Cardia pointed. Intestine few cells in girth; ob cur^ 

Rectum half as long as the anal body-diameter. longitudinal fie d a. 

throughout most of the length, and are about nurand then dmm- 

diameter of the body increases somewhat just in front of the anu , 
ishes suddenly at the anus, so that the beginning o e ai 
less in diameter than the portion of the body immediately in front 
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iS, M. obtusicaudatus Daday. 


ifv 

The diameter of the cylindrical portion of the tail i. . 

body at the anus. Caudal glands 3, egg-shao d L “u 

slightly apiculate and apparently unarmed. The eggs a”re * T'"" - 

A single egg, not yet passed on to the uterus, was four-fifth,' 1 ,T ' 

as the body, and about three times as long as wide. hve-si.\tlis as wide 

Common about the roots of suear cane nn i u 

H.awaii. Flemming solution to glycerine ' ■ P an ations on the island of 

ay. M. reversus n. sp. This very interesting abnormal form possesses ,,.1. 
that appear resolvable tnto rows of dots. Intestine about 6 cells in girrti f ,i Iv 
tessellated. Tail more or p . . 

less cyhndroid in the pos- 2.2 2.3 — T4 2~^ 

terior half, its terminus one-fourth to one-fifth as wide as 
its base. Lateral fields two-fifths as wide as the body. The 
eggs are of relatively large size, since an ovum not yet 
pa.sscd on to the uterus is 5 to 6 times as long as the body is 
wide. It is therefore likely that the eggs occur in the uterus 
only one at a time. The relatively broad ovary tapers but 
little; it contains about a dozen developing ova. 

Rio Janiero, Brazil, about the roots of Platonia insignis Mar!. In general this 
species resembles incunms and minor, but is readily distinguishable bv the form of 
the sexual organ, and by the sparseness of the pharyngeal denticles, only a few of 
which arc to be seen. When the female sexual organs reduce to one, this remain- 
ing one usually extends forward from the vulva. Here the reverse is tlie rase; 
lienee the specific name. Flemming solution to glycerine. Fig. 41. 

Tail conoid, slightly arcuate; toward the end 
rather suddenly di- 
_9 minislied in. size. The 
spinneret well marked. 
Found at Berlinhaven, Island of Salao, New 
Guinea, in fresh water. It seems probable 
from Daday's description that there are 3 
teeth in the pharynx, 1 dorsal and 2 smaller 
submedian ones just at the base of the rasps. 
Probably the junction between the posterior 
and anterior elements of the pharyngeal walls 
is unusually prominent ; this would account for 
the “bogige leiste” mentioned in the original 
description and shown in the original figure 
along the anterior margin of the rasp. Fig. 
42 (after Daday). As-siiming Daday's drawing 
to be more or less conventionalized, this species 
might be regarded as identical with minor. 

29. M. brachyuris Biitschli. Amphids appear as transverse slits opposite the 
oncluis. Lining of the (esophagus strongly developed. Cardia plainly to be seen. 
Intestine tessellated. 2.2 8. 28. ‘62’^^ 96. „ . 

Rectum half as long 2T4 279 sTe FTa 2,2 ^ ' 

as the anal body-diameter. Caudal glands more or less 
saccate, opposite the somewhat raised anus. Tail some- 
'^vbat arcuate. Spinneret pore a little to the dorsal side of 
tlif" middle of the terminus. The vulva is a conspicuous 
Ifature, owing to the thickness of the walls of the vagina, 

’i'hich is one-half as long as the body-diameter. Series of 



28 , 


95.3 
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male supplementary organs, according to de Man, about 12, mammiform and appar. 
ently protrudable except the two anterior and the posterior, which are more or less 
rudimentary. Series about twice as long as the tail. 

A cosmopolitan species. In Florida, the writer found this species feeding on the 
larvse of Heterodera radicicola, an extremely serious root pest. Fig. 43, bottom p. 457 

30. M. denticuUtus, n. sp. Onchus opposed by two small sub ventral onchi 
farther back, the left a little farther forward than the right. 

Found in the Zambezi River, South Africa, among fresh 
water algae. The peculiar form of the head and pharynx 
and the unusually large number of denticles are the promi- 
nent characters of this species. Only a single mutilated 
specimen has been seen by Dr. Micoletzky. As it is un- 
likely that the large number of denticles shown in the 
original figures can be due to moulting phenomena, it 
would seem that this form differs distinctly from all others. 
Fig. 44 (after Micoletzky), As neither Micoletzky’s text 
nor figure suggests moulting, the numerous rows of den- 
ticles are assumed to be normal. 

31. M. sparsus, n. sp. Each rasp consisting of but 2 rows of denticles. The 

tail diminishes suddenly in size 2.9 12. 3Z. 54^ 94. 

behind the elevated anus, and 3.4' 4.3 ^72 O 2.? ^ 

tapers somewhat in the posterior three-fourths. The terminus 
is about one-fourth as wide as the base of the tail. The cau- 
dal glands (?) lie opposite the rectum. 

Found in sphagnum from greenhouses, Department of Agricul- 
ture, Washington, D. C., U. S. A. Flemming solution to glycer- 
ine. Fig. 45. 

32. M. micrurus, n. sp. This odd form appears to have no submedian onchi. 
Rasps of only about four rows of denticles. Amphids not seen. Lining of the 
oesophagus well-developed, occupying three-fifths of the optical longitudinal section, 

3_ 12. 33. ■y 98. Intestine about 5 cells in girth, 

iT? sTl It? L 2.2 ^ not tessellated, or only faintly 

so. Tail very short and strongly arcuate or bent. Spinneret 
about one-fifth as wide as the base of the tail. Rectum some- 
what shorter than the anal body-diameter ; longer than the tail. 
Caudal glands not clearly seen, probably opposite the rectum 
Ampullae of the caudal glands not very strongly developed. 

Described from young specimens found about Lhchi roots, 
Fukien, China. Resembles hre7ncaudatus. Characterized by the 
extremely small and very" strongly arcuate tail. The 
spinneret is sometimes turned nearly at right angles to 
the axis of the tail. Flemming solution to glycerine. 

Fig, 46. 

33. M. incurvus, n. sp. Striae resolvable with diffi- 
culty and into rows of dots. Dorsal onchus opposed 
by 2 inconspic- 2. 7.4 28. ^63^21 gg.g ^ 

uous, ventrally 2T1 271 2T9 O 2.1 ^ 

siibmedian onchi of smaller size opposite its base. 

The lining of the oesophagus is a prominent feature, 
occupying about two-thirds of the apparent width of 
the (esophagus. Intestine 12 to 15 cells in girth, not 
tessellated, its granules numerous and fine. Caudal 
glands 3, broadly saccate, opposite the anus, their 
ampullae long and filling the posterior part of the tail. 
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,i.., ™i„ » «, 

eggs are one and one-half t.mes as long as the body is wide, and occur one at a 
time in each uterus. The ovaries contain about a dozen developing ovi 

Sandy soil in a cranberry bog, Arlington Fann, Virginia, U. S. A Also on the 
margin of the spring that gives rise to Salt River, Jamaica. Flemming solution to 
glycerine. Fig. 47 (at bottom of previous page). ^ 

34. M. sigmatarus n. sp. Two very inconspicuous submedian onclii are found 
opposite the base of the dorsal onchus, just at the base of tlie rasps. Intestine 10 
cells in gjrth, comparatively distinctly tessellated. The rectum is about as long as 
the anal body-diam- 2,3 12 . 30 . 

eter, and is some- 2.4 3.2 3.3 j.r* 

what sigmoid. The anus is very distinctly visible 
account of its contour, and on account of the refractive 
nature of the lining of the rectum. What appears to be 
a renette pore exists immediately behind the nerve-ring. 

The distinct lateral fields are about one-foiirth as wide 
as the body, and are character! by the presence in 
them of scattered granules much .smaller in size than 
those of the intestine. The posterior part of the tail is 
somewhat digitate, and the whole is slightly sigmoid. From the anus the tail 
tapers rapidly to near the middle, so that if the posterior half were lacking the 
tail would be rounded. The diameter of the tail at the middle is about one-third 
as great as at the base. From the middle onward the tail for a short distance is 
of uniform diameter, and then tapers rather rapidly in the posterior fourth to a 
rounded or snbtnmcated spinneret. Small, somewhat finger-shaped set^e are found 
on the tail ; one dorsally sublateral pair, a trifle in front of the anus ; ’another dor- 
sally sublateral pair near the middle of the tail but located on the more bulky part; 
finally, a third ventrally subiateral pair a little in front of the digitoid part of the 
tail. The caudal glands are opposite the rectum. The eggs are aliout two and one- 
half times as long as the body is wide. The tapering ovaries contain 10 to 12 
developing ova, arranged irregularly. 

Found in various parts of the United States and Mexico. Resembles minor and 
brachyuris, from which it may be distinguished by the form and structure of the 
tall. Flemming solution to glycerine. Fig. 48. 

. 55 . M, tenuis, n. sp. Wall and dorsal tooth of the pharynx rather strongly 
developed. When the Ups are closed the pharynx is hardly half as wide as long. 
Dorsal tooth slightly arcuate, its point located close to the base of the lips. The 

5.6 26. <• 72 ’ 22 97 ^ ^ suhmedian teeth 

are easily con- 


fused with the 

1.6 1.8 2.1 2.2 1 . 8 '' denticles. Lining 

of the oesophagus well developed, occupying one-fourth 
of the longitudinal optical section. There is a small 
conoid cardia. Intestine probably about b cells in girth, 
not definitely tessellated. Anus raised and conspicuous, 
the anterior lip somewhat massive and overhanging. 



1.4 

1.5 


1.7 

5.2 


2.1 

25. 


2.3 1.3 

97 . 


4 1.8 


The arcuate, conoid tail ends in a spinneret one-fifth to one-sixth as wdde as its 
base. The ovaries, of which the posterior is somewhat the smaller, appear to 
contain about a dozen ova. Inconspicuous papillae appear on the ventral side of 
Ihe female near the vulva. Two were noted behind the vulva and one or more in 
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front of it. The tail of the male is somewhat like that of the female but dimin- 
ishes very suddenly behind the anus. Five pairs of innervated papillae have been 
seen on the tail of the male, two of them, however, exceedingly inconspicuous and 
easily overlooked : Of the three more conspicuous, one ventrally submedian pair 
Is .located a short distance behind the anus ; a second dorsally sublateral pair occurs 
a little behind the middle of the tail, and a third subventral pair occurs a short 
distance in front of the spinneret. Of the two more inconspicuous pairs, one is 
nearer the spinneret than that just mentioned, and the other, lateral, and slightly 
behind the middle of the tail. The arcuate spicula are about one and one-fourth 
times as long as the anal body -diameter. At their widest part, near the middle, 
they are about onc-fifth to one-sixth as wide as the corresponding part of the 
body and thence taper in both directions ; they are not cephalated. The distal ends 
are obscurely two-pronged. The obscurely bifurcated accessory pieces are of 
typical form and size, about one-third as long as the spicula and about one-fourth 
as wide as long. Fourteen rather closely approximated, equidistant supplementary 
organs occur in front of the anus, occupying a distance about three times as great 
as the length of the tail. Internally the organs seem to be short, broad tubes of 
slightly varying diameter ; these are probably slightly protrudable. The protrudable 
portion is not hispid as is the case in M. major ; — on the contrary, it appears to be 
smooth. The anterior one and the posterior three of these organs are not so well 
developed as the others, that near the anus being reduced to a mere innervation; 
the distance between this latter and Its nearest neighbor is about twice as great as 
between any other adjacent members of the series. These organs give to the ven- 
tral contour a crenate or serrate appearance. The anal muscles are prominently 
developed. The ejaculatory duct is often filled with elongated spermatozoa, some- 
what resembling those of Dorylaimus, and similar in form to those figured by 
Dr. de Man for M. gerlachei. Each one may be one-fourth as long as the body is 
wide, or thereabouts. There are two outstretched testes. The blind end of the 
anterior is about as far behind the base of the neck as the latter is behind the anter- 
ior extremity. The blind end of the posterior seems to lie about twice as far in 
front of the foremost supplementary organ as this latter is in front of the anus. 
The spicula have a median stiffening piece, and their proximal ends lie toward the 
dorsal side of the body. 

Found about the roots of plants on the Arlington Farm, Virginia, U. S. A. Re- 
sembles M. minor, but in the proportions of the pharynx there are notable differ- 
ences. The walls are here thicker; the amphids are larger and farther back; the 
lips and onchiis are strongly developed, so that when the pharynx is closed the 
cavity appears smaller than in minor. Opposite the anterior supplementary organ 
there is a fibrous ring, probably nervous. A similar structure has been noted in 
other species. There probably exist at this point in the body special nerve com- 
missures. Flemming solution to glycerine. Fig. 49 (near bottom of previous page). 

36. M. simiMSf n. sp. Striae of the cuticle more or less easy 
of resolution. Lining of the oesophagus strongly developed, 
3 . 10 . 34 . Y 96. occupying three-fifths of the 

sTl Te E JTa 2 . 6 ~ longitudinal optical section. 

Anus slightly elevated, especially the anterior lip. The scat- 
tered granules in the cells of the intestine are small, but varia- 
ble in size, and do not give rise to tessellation. The more or 
less arcuate tail is conoid to the blunt terminus, which is about 
one-fourth as wide as the base of the tail. A ventrally sublateral innervated papilla 
occurs on each side near the middle of the tail. There are no caudal glands. De 
scription derived from a single young female. 
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Atom tto roots of banana plants imported from Paris P 
brachyuns and minor, but differs in bavins nn sr, ^ X'stmMos 

farther back tn the phatynx than in ei * thr”r‘' 
of submedian teeth. The rasps also re les s^ f 

tion to glycerine. Fig. 50 (at butt: »'>- 

37- iVI. obtiquus, n. sp. Two small veniraii,. ^ 'j- 
the base of the dorsal onchus. CFsophagus at fi ' f^ent, opi.osite 

developed, and occupy- j , 

ing one-fourth of the l.t 

opt, cal longitudinal section. Intestine about 8 cell; i„ girth 
as a rule not dtstmctly te,ssellated. The conoid tail i., slig,..,; 
arcuate, and obhqucly truncate at the spinneret, which is 
about one-third as wide as the base of the tail. The three 
caudal glands arc located opposite the rectum, which ends 
externally a slightly elevated anus. The ampulte of the 
caudal glands are well developed, and occupy the posterior 
two-thirds of the tail. Though the vulva is more or less con- 
tinuous with the ventral surface, it is conspicuous on account 

of the refractive nature of the walls of the vagina The - - s- 

elongated thick-shelled eggs are two and one-half times as long .as the bodv is 
wide and appear to be deposited before segmentation begins. The ovaries contain 
about a doten developing ova, arranged partly single blc, partly irregnhnrlv A pair 
of vent, -ally submedian innervated papilfa were noted near the middle of the tail of 
the female. 

From soil from Germany, along with specimens of Ihlerodcra .tflioclilii Re- 
sembles brachywis, from which it seems easily distingni, liable l,v the large lliiek- 
sbclled eggs. FIcrommg solution to glycerine. The habitat led to the suspicion that 
It was feeding on H. schachtii, but the writer wa.s unable to establish the fact from 
the few specimens available for examination. Fig. 51. 

38. M. lacustris Cobh. The amphids have the form of “slits," 3 to 4 times as 
long as wide, and are placed at the base of the lips nearly opposite the apex of 



the dorsal onchus. They 
are about one-sixth as 


2.7 9 . 


‘ 63 ’ 96 , 


1.1 iNm 


2.5 3.2 3.9 4.2 2.3 

wide as the corresponding' portion of the head. Intestine 
from 15 to 20 cells in girth, the cells closely packed ivitb 
granules of variable size in such a manner as to give rise 
to a close and ohsciire tessellation. The well developed 
lateral fields are one-third as wide as the body. The anus 
is slightly raised.. The lining of the rectum is distinctly 
refractive. The tail is ventrally arcuate, and ends in a 
blunt spinneret one-fourth as wide a.s its base, containing 
a w^ell developed, internally ceratinized spinneret. The 
three caudal glands are arranged tandem in the anterior 
half of the tail, the foremost being opposite the rectum. The spinneret appears to 
have a needle-shaped valve, A pair of ventrally submedian innervated papilla has 
been noted a little in front of the spinneret on the female. The eggs, which appear 
to occur one at a time in the uteri, are about one and one-third times as long as the 
body is wide and four-fifths to five-sixths as wide as the body. 

Found in fresh W'ater lakes, Michigan, U. S. A, ; about the roots of ferns, Panama 
Canal Zone; and in the Silver Springs, Florida. Resembles M. brackyuns Biitschli, 
from which it differ.s in the form of the tail and spinneret, M. pohnicus Stefanski 
seems to closely resemble this species. Sublimate to balsam. Fig. 52. 
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39. M. polonicuB Stefanski. Two minute teeth are found at the base of the 
buccal cavity. The conoid tail is somewhat arcuate from the raised anus, and ends 
in a truncated spinneret one-fourth as wide as its base. The diree caudal glands 
are located in a tandem series in the anterior third of the tail. 

Description derived from young specimens found in vegetable detritus in the 
Czarna River, Poland. Said by its author to resemble the next species, No. 40. 

40. M. minor Cobb. There are 2 minute, submedian onchi, easily overlooked. 

Amphids, only one-sixth as wide as the corresponding portion of the head, are 

2.3 7.5 26 . ‘ 60 ’ 96. 7 . . present opposite the 

/f^ .. 2.4 2.5 2,9 “O 2 ”. 1 ^ apex of the dorsal 

y tooth, and consist of arcuate, refractive markings hav- 
‘ convex side toward the lips. They appear to 

-/ t be about one-fourth as wide as the corresponding por- 

w OT /. II ' A ■ f t I 1 nil • 1 • ■ 

/ : Ir A head. There are excessively minute strise or 

m ' ■' -A dentations of the inner surface of the margins of the 

v\ lips ; these structures are so fine that they might easily 
-I k w ^ \ ‘.'A escape observation — much finer than tne rasp-like teeth 

;.l| , iM of the pharynx. The lining of the oesophagus occupies 

yw 'otv r 'i x75^) Dearly one-third of the optical longitudinal section. The 

cells of the intestine contain small, somewhat uniform 
rather evenly distributed granules. The anus is slightly raised, the anterior lip 
being a little more pronounced than the posterior. The conoid tail is rather 
strongly arcuate, or even more or less bent near the middle. The comparatively 
well developed spinneret is one-third as wide as the base of the tail, and pos- 
sesses a valve similar to that found in Mononchulus. The caudal glands are 
located opposite to, or a little behind the rectum. The lateral fields are two- 
fifths as wide as the body. 

This is a cosmopolitan species, found in tropical and temperate regions. It closely 
resembles M, brachyuris of Biitschli, but is smaller and differs somewhat both in 

the structure of the tail and in that of the pharynx. Osmic acid to water. Fig. 53. 

41 . M, brevicaudatus, n. sp. Walls of the pharynx unusually thick. Two ex- 
ceedingly small, ventrally submedian onchi, opposite the middle of the dorsal onchus. 

fpE^ 9-3 32 . »69’18 93 ^ lining of the cesoph- 

""" prominent, oc- 

cupying one-third of the optical section. Intestine 6 to 8 
cells in girth, faintly tes-sellated. Contour of the tail like 
j ^ that of the head of a duck whose beak is very short; from 

I ; the anus onward having roughly an equilateral contour. 

more elaborate than usual. The ceralinized 
fljjtrftui jiJBV walls of the vagina are plainly visible. The elongated 

‘ 1 are two to two and one-half times as long as the 

\ body is wide. The ovaries taper but little. About a dozen 

— ^tVNfTW females have been examined. No males have been seen. 

jp, ^ Sperm has been seen at the flexure in the ovaries. The 

^ species is probably syngonic. 

'* Found about the roots of plants in a cranberry bog, New 
Jersey, U. S. A. Resembles micrurus and brachyuris in its general form, hut 
differs in the details of the pharynx and in those of the tail. The species is nema- 
tivorous, and also feeds upon rotifers. Sublimate to balsam. Fig. 54, in which, as 


in many of the original illustrations used in this chapter, what at first sight appear 
to be merely lines used as shading, are in reality carefully charted striae or lamina- 
tions of the wall of the pharynx. 
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42. M. japonicus, n. sp. The head is not set off in any marked fashion, Am- 
phids present m the form of elliptical markings nearly opposite the apex of the 
single dorsal tooth; the length of their long 2,1 8.9 ao. *67’ 98 

axes, which are placed transversely on the 2^4 Ts 2^9 T? 

head, is probably about one-sixth as great as that of the diameter of the head. The 
capacious pharynx is somewhat deeper than the head is wide ; the anterior portion 
has a diameter more than half as great as that of the corresponding portion of the 
head, while the posterior portion has a diameter about two-fifths as great as that 
of the base of the head. The single, highly refractive dorsal tooth has its apex 
somewhat in front of the middle of the pharynx. The rasps consist of 5 to 6 rows 
of teeth, forming a group whose width is about one-fifth as great as the depth of 
the pharynx. The wall of the pharynx is strongly developed, and is very finely 
transversely striated in the posterior part. The lining of the oesophagus is an 
exceedingly distinct feature throughout its length, and appears to occupy about 
one-fourth of the optical longitudinal section. There is a small cardia. Intestine, 
about 8 cells in girth, very obscurely tessellated. The short, blunt, arcuate conoid 
tail is truncated at the terminus, which has a diameter about one-fourth as great as 
that of the base. The lateral fields are about one-third as wide as the body, and 
are composed of 2 rows of cells containing relatively large nuclei. 

This species rather closely resembles a number of others, and it is by no means 
certain that it is not identical with some one of them, perhaps consituting a variety, 
(furiously enough, it was found in Mississippi Bay, Yokohama, Japan, Sublimate 
to balsam. 

43. M. tridentatus de Man, At the base of the pharynx are 2 minute denticles. 
Amphids unknown. Pharynx more or less triquetrous, with three well developed. 


2. 

6.5 

22. 

2.1 

2.6 

S ., 

2. 

6.5 

22. 

2.1 

2.6 

3. 


aouDie, ioiiguuu.n. ^ 

end to end. (Esophagus at first slightly 1 j f TK \\ 

swollen. Intestine distinctly tessellated. ! ! ^ \\ 

The arcuate tail is conoid to the termi- j / A /] l,f'\ A 

nus, which is about one-sixth as wide as 1 feA pf j P 

the base of the tail. Each of the slen- V A W 

der, arcuate spicula is cephalated by '(A/ 

contraction and i.s supplied throughout / T 

its length with a median stiffening piece, j « V A\ 

and is crossed near its distal extremity jibc / ih/ I j \' U 

on the outside by one of the rather [i A || W I | VA 

broad, two-pointed accessory pieces, H j if 1 \1 

which are one-halt as long as the spic- 'A jj | | ^ 

ula. Supplementary organs 15 to 17, 1 1 1| | \\ x750 

apparently conical, 2 to 3 times as far The posterior 

apart anteriorly as posteriorly, and one-half times as long 

member of the senes, the whole of which a ^ 

as the tail, is somewhat itsV/a^a number of papilla, dorsal as 

distance tn front of the anus. On the * .nd 2 nairs on the posterior 

well as ventral; 2 pairs on the ndal glands, 

half, dorsal. It remains uncertain whether there « V 
This striking species seems to be widespread m Europe 
rather common. Fig. 55 (after de ^ an). 
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44- M. gracilicaudatus n, sp. Intestine about 12 cells in girth. The anterior 
fifth of the tail is arcuate conoid in such fashion that at the beginning of the second 
fifth the diameter is about one-third to one- ^ 4 ^ 2 i 85 

fourth as great as at the anus. Thence on- iTs TTs Ta Ti TT^ 
ward the tail tapers very gradually through the middle third, the posterior portion 
being cylindroid and somewhat narrower than the spicula. These latter are uni- 
formly arcuate, and about one and one-fourth times as long as the anal body- 
diameter. At their widest part, toward the proximal end, they are about one- 
fifth as wide as the corresponding part of the body. They taper gently in each 
direction, and are not cephalated. The small accessory pieces are of typical form 
only about one-fourth as long as the spicula. The series of 19 contiguous supple- 
mentary organs is twice as long as the spicula, or equals 3 body diameters. Anteri- 
orly the organs are somewhat larger and also somewhat farther apart. The conical 
exterior portion of each organ seems to be more or less protrudable. These organs 



arc similar in form to those of major, though they are not echinulate. The anal 
and post-anal muscles are strongly developed. The anal muscles are found through- 
out the bulkier portion of the tail. The protruding muscles of the spicula extend 
backward in the tail to near the point where the tail diminishes rapidly in diameter, 
and there join the ventral part of the caudal wall. The post-anal papillae are con- 
fined largely to the more massive anterior fifth of the tail. On each side there is 
a ventrally suhmedian row about as long as the spicula, consisting of 4 to S mem- 
bers. Coextensive with them is a ventral row of 3 to 4 papillae. A little distance 
behind these, where the tail begins to be smaller, there are 2 dorsally submedian 
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innervated papillae of smaller size. The supplementary organs are plainly inner- 
vated and the nerves can be traced through the cuticle and through the l^odv mus- 
culature, and seem to W connected with internal more or less ellipsoidal cells* whose 
nature remains unknown. The spinneret is ver^- inconspicuous. The nature of the 
caudal glands remains uncertain. 

Found in marshy ground, Arlington Farm, Virginia, U. S. A., about the routs of 
Intpatiens, in black, clayey soil, with mud. Resembles ilJ, do/tWiara.? to a certain 
extent. It is regrettable that only a few specimens have been available for e.\ami- 
nation, as it is a species well adapted to throw light on \arioiis features of moii- 
onch anatomy. Fig. 56 (on the previous page). 

Examination of the pharyngeal muscles of this species leads lo a partial under- 


standing of the mechanics of the lips. The muscles which move the lips arc long 
and slender, and pass from the lips backward along the surface of the idiaryngeal 
capsule. They join the body wall some distance behind the })harynx. There are 2 
separate groups of muscles, extensors and flexors. Of the 6 e.xtensors 2 are show n 
in the illustration; these are furcated opposite the middle of the pharynx, one half 
of each going to the lateral lip; the other half to a sulmtcdian Up. Tlw' joined 
fulcra of the 6 lips form a framew^ork encircling the head. The extensors pass 
outside this framework. The flexor muscles are less clearly shown, hut are mani- 
festly belter developed. A group of 3 is shown lying lictween the 2 extensors. 
They appear as faint bands outside the pharynx passing forward, and beyond doubt 
are attached to the lips inside the ring of fulcra. The musculature of the lips is 
shown in the illustration and is further explained on page 442 in roimcction with 
the general description of the head. 

45. M. dolichurus Ditlevsen. Neck tapering hut little. Pharynx probably 
prismatic, and in transverse section somewhat triangular. About 7 denudes about 
the base, or near the l>ase, of the pharynx. The arcuate tail tapers to the tcrmmns, 
which is about one-eiglith as wade 


, the base. The author mentions 


the presence of 3 or 4 inconspicu- 
ously developed lobes at the base 
of the oesophagus, and it W'ouM 
appear from his figures that a spin- 
neret and caudal glands are pres- 
ent, the latter forming a tandem 
series near the anus. Menzel finds 
in the pharynx of Swiss specimens 
of this Species 3 teeth of eijiial size, 
that is to say, the ventrally sub- 
median teeth are equal in size to 
the dorsal tooth. His specimens 
are 4/2 to S/z mm. long, and this 
probably represents the adult size, a i 
Found in moist soil and meadow 
land, Jutland; Switzerland. Fig. 

57 (after Ditlevsen). MenzeUhows 
the papillae as much less conspicu- 
ous, and without the spherical tips. ^ 
The original material consisted of 
1 ‘-It a single immature female. 
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46. M, digiturus Cobb. Amphids occur opposite the anterior part of the 

pharynx. What appears to be a renette pore occurs just behind the nerve-ring 
The anal region 3,3 g. ge. -70^^ 92. ^ ^ ^ 

is somewhat 2.5 " 3 . 374 374 2,3 ^ 

raised. Behind the anus the tail diminishes rapidly 
in diameter, so that at the end of the anterior fourth 
it is about three-fifths as wide as at the anus. 

Thence, for some distance it is cylindrical, but be- 
comes somewhat abruptly convex-conoid in the pos- 
terior fifth and ends in a rather narrow, inconspicu- 
ous spinneret. The lining of the oesophagus is a con- 
spicuous feature. Intestine not tessellated. The 
longitudinal ribs of the inner wall of the pharynx 
are rather conspicuous features, and extend from 
end to end of the pharynx. 

Found about the roots of banana plants, Fiji. 

Fig. 58. 

47 . M. trichurus, n. sp. This outstanding form has an oesophagus that is 
slightly swollen where it receives the pharynx. The lining of the cesophagus is 

2.6 7. 21 . ^52^^ 67. ^ nj, occupying 

iTi 274 2.8 T7i TTF^ ’ three-fifths of the op- 
tical section. Longitudinal fields one-fourth as wide as the 
body. Characters well set forth in fig. 14, p. 448. 

Found about the roots of orange trees, Bahia, Brazil. 
Bears considerable resemblance to M. gymnolaimus. It ap- 
pears possible from these investigations that the tropical 
mononchs, when more fully known, will prove especially 
interesting. Nearly all the more striking species here re- 
corded are from the tropics. The warm soils of the tropical 




regions teem with nematodes, many of 
them no doubt, especialy adapted to the 
peculiar conditions found there. The 
predatory mononchs in such soils will 
naturally enough have responded in 
structure not only to the climatic con- 
ditions, but also to the form and habits 
of their quarry. Fig. 59 (just above). 

48 . M. gymnolaimus Cobh. The 
more or less triquetrous pharynx is 
strongly three-ribbed. Cardia of such 


2.6 6.8 24. 


‘ 67 ^ 


r -> 2.9 ram 


2.2 2.3 2.7 2.5 1.6 

a nature as to give rise to a double 
constriction in the cardiac region. In- 
testine about 12 cells in girth. What 
appears to be a renette pore occurs 
immediately behind the nerve-ring. 
The lateral fields are about one-fifth 
as wide as the body. The tail tapers 
regularly to near the terminus; it is, 



regularly to near me lerimuus, u is, 1 

however, cylindroid for a short distance in front of the spinneret. uv 
prominent. The uterus is as long as the reflexed portion of the ovary, w 




COJ38-THE MONONCHi 


477 


loots oi 
. lOOR plants, 


reaches two- the way teck to the vulva. The or Die wosf M 

arranged single file. 

This nemativorous specie.-; will probably prove cosrr- . . - 

banana, Fiji; of Platoma msignis, Rio Janeiro, Era ..onrp'anu 

Arlington Farm, Virginia, U, S. A. Fig. 60 (on the previous page) 

M. consimlHs. n. sp. ^phids, unlike thost ot g^mwlumus, apparently 
duplex, located a little helnmd the base of the lips; one-fourth as wide as the cor- 
responding portion of the head. Wall of the pharynx strongly developed, 

Rather closely resem- 3.2 9.1 26. 68^ 86. - 

bles gymnolaimus, P 27? ai? 2 T 4 tr ^ 

but has the walls of the pharynx much more strongly cer- WWpfpW 

atinized, and is of much smaller size. The pharynx is rela- ]}^ 

tively 50 per cent longer. < The spinneret is not swollen as jl 

in gymnolaimus. Description and figures derived from a i 

single, immature female specimen from about the roots of I ,1 

t>latonia insignis Mart., Brazil. The figure of gymnolaimns I a . ^ 

shows, on the ventral side, near the front of the pharynx, an '' 

inward projection, probably representing the optical section 

of the junction of elements in the phairyngeal wall. Xo ri'iyi 

such appearance was observed in consimilis. Fig. 61 . li ^ 

50. rapax, n. sp. Intestine about 12 to 20 cells in gutli. faintly lesst-llatcO. 
The female organs are probably double and symmetrical, Tlic conoid tail tapers 

Ea ..0gi somewhat in front of the anus to a 

plain, syn' metrical, ntiarmcd spin- 

neret about one-sixth as wide as its 
base. One and onedialf ‘tail-lengths 
iiT in front of the anus there is a con- 
striction in the intestine, which ap- 
pears to be due to the presence in 
that region of commissures, as if, 
vsiladxi possibly, nerves encircled the intes- 

^jylgisssi Found abmit the roots ^ of plams, 

have been seen. As its name, rapaXj 
II indicates, this species is a rapacious 

[ one, swallowing other nemas whole, 

even wFen half as long as itself. 

51. M. rex Cobb. This “king" of the mononchs has low, broad, inconspicuous 
labial papillae that do not interfere materially with the rounded contour of the 
front of the head. The lips are bulky and powerful. No amphids have been seen. 
The pharynx is armed with very powerful 2. 6. 20. 8i. ^ 

muscles. The intestine is tessellated. The 1.6 1.7 2. 2.2 1.4 

lateral fields are one-fifth as wide as the g. 5.5 20. 8^ ^ 

bodv. The conoid tail tapers more rapidly 1.5 1.9 ^ 2 .t 2.3 t .5 ' ' 

at first, being nearly cylindroid in the posterior two-th.rds where 't .3 about on^ 
eighth as wide as at the anus. The spinneret, which is slightly ‘ 

ventrally submedian papllte, after the manner of longicmdah<4, but slightly larger 


SP 


2 . 6 . 

20 . 

‘ 58 ’^^ 81 . , 

1.6 1.7 

2 . 

2.2 1 . 4 ' 

2 . 5.5 

20 . 

86 . , 

1.5 1.9 

2.1 

2.3 1 . 5 ^ 
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in proportion. Three caudal glands are present. Each uterus is capable of carrying 
one and possibly two eggs at a time. These are about one and one-fourth times as 
long as the body is wide, and half as wide as long. The tail of the male tapers 
more rapidly at first than that of his mate. Supplementary organs 17, prominent, 
closely approximated, equidistant, occupying a space equal to one and one-halt 
times the length of the tail. The spicula are about twice as long as the anal body- 
diameter. 

Found at depths of from about 200 to 1200 feet in Lakes Manapouri and Wak- 


atipu, New Zealand. 



. 52. M. regius, n. 

sp, Amphids rela- 
tively small, con- 
nected with a nar- 
row, internal, appar- 
ently tubular ele- 
ment passing back- 
ward past the base 
of the pharynx. 
Pharyngeal muscles 
strongly developed, 
extending backward 
from the base oi 
the lips to the body 
wall behind the 
pharynx. Each of 
the six lips with a 
flat, flap-like outer 
accessory part, 
which is longitudi- 
nally striated at the 
base. Onchi sub- 
equal, the dorsal 


slightly the .stronger. Found about the roots of plants, Arlington Farm, Virginia, 


U. S. A. Fig. 63. 

53. M. bathybius Micoletzky, 
really a suhdorsal onchus. 
others, probably 4,9 ^q. 30 


In the figure the onchus labeled “siibmedian” is 
In addition to this subdorsal onchus there are still 
Y 


2 to 3 pairs, which O' 3.6 3.9 3.4 

in profile view have a double contour, 
uncertain whether the other markings seen on the 
wall of the pharynx are projections or pores. 

The author considers this species to be related to 
M. gerlachei de Man, the lip region and vestibule of 
the two species being similar. However, the armature 
of the pharynx in the two species is quite different. 

Found in mud at a depth of about 300 feet in the 
Atter Lake, Austria. The description and figures rest , 

upon the examination of a single immature specimen, and h is f 
examination of further specimens will improve our knowledge of this in 
form. Fig. 64 (after Micoletzky). 
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54 , M. studeri Steiner. Wall of tlie pharynx presenting 5 longitudinal rihs, 
four of them in 2 pairs, the fifth single. At the base of the pharynx numt'vons 
small denticles, arranged in rows of from three to four, (Ksophagus powerful. 


2 . 8 ? 


26. 

67. 

94. . 

A little in front 

? 

~T~ 


3.4 


of the ]K)sterior 

2 . 8 ? 

9 

27. 

M 

95.4 ^ 

end of the u'Soi)h- 

? 


? 

3.2 

1.9^ 

agus there are 3 


A \ I 1 ^ / powerful teeth which, according to Steiner, “are 

I I! 1 ^ I similar to those seen in d(i/u‘ln<rus” 

1 I 111 1 arcuate, conoid to the spinneret, 

I ll 1 1 whicli is about one-fourth as wide as the base. The 

l| ill caudal glands form a tandem series in tlie an- 
il 1 I 1 1 terior half of the tail. The slightly arcuate spicuia 

jC-w L I I w? in their widest part are about one-.sixth as wide as 

'* {ijw\ * ' ibe corresponding portion of the body. T!ie\' taper 

/ ' I slightly at either end, and are about one and one- 

i I urn \\|| I third times as long as the anal body-diameter. They 
i yjj are not cqihalated. The accessory pieces appear to 

^ ‘ ^ be of the usual character. The twelve short, tubular, 

equidistant supplementary organs, occupying a space equal to twice the length of 
the tail, do not interfere materially with the ventral contour. The internal tubular 
parts are about as long as the spicuia are wdde. Distance from the anus to the 
Itosterior siipplementar>' organ is nearly twice as great as the distance between the 
adjacent organs. Two pairs of post-anal papillae w^ere noted. 

Found on the island of Ufenau in the Zurich Lake, under moss. Fig. 65 (after 
Steiner). 

55 , M. zschokkei Menzel. This species, one male to each three to four females, 
is found in various parts of the Austrian and Swi.ss Alps, Xeck and (esophagus 
3,? ? 25. ‘66^ 95. - . 


3.6 " XT y 

tapering but little. Small deiiticle.s \.( If y „VV /if 

often occur at the base of the pharyn- \\ j j \\ (1 

geal cavity. Uterus capable of con- j j \\ \ 

taining one or two eggs. The blunted 

terminus of the conoid arcuate tail is 

about one-eighth as wide as the base. I 

The slightly arcuate spicuia are rather i 

slender, each, how-ever, having a stif- I 

fening piece in its di.stal half. Acces- , ^ \ I I 

sory pieces as figured by de Man for / ^ | 1 / A 

his M hrachyuris BiitschU. Beginning / | ^ 

near the anus the 21 projecting, ob- ^ 

licjiiely conical, equidistant, contiguous 1 | 1 

supplementary organs, each as high as 1 / / j 

wide, occupy a space 3 times as long \J / ll 

as the tail. / if j / / 

Found in the high Swiss Alps. Fig. i J *11 / / xtso 

W, after Menzel, who considers that ' 

of all the European mononchs at present known, sschokkefhas c ose a nity on y 
with M, pan’us de Man, from which it differs in the position of the onchus an 
tile relative abundance of males. 
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56. M. brachylaimus, n. sp. There are two exceedingly minute, almost invisible 
apparently rudimentary, ventrally submedian, conical, forward-pointing toothlets at 
the base of the pharynx. These are not shown in the illustration. Three slightly 

3.4 ?. 21. 66^^ 94. , 

3.4 3.4 3.- 0 3 ' 

2.3 7.4 19. 94* 

272 373 275 aTs 27^ 

arcuate, duplex, longitudinal ribs 
strengthen the walls of the phar- 
ynx and reach from end to end, 
one being dorsal, the other two 
ventrally submedian. Amphids 
difficult to see. CEsophagiis at 
first slightly expanded. The tes- 
ophageal lining is not so promi- 
nent as in many other species; its 
optical section finds expression in 
3 or 4 parallel lines, occupying 
about one-fourth of the longitu- 
dinal optical section. There is an 
inconspicuous, flattish cardia. In- 
testine about 8 to 12 cells in girth, 
faintly tessellated. The tail is 
conoid to the plain, unarmed con- 
oid terminus. The base of the spinneret is about one-fifth as wide as the base of 
the tail. The clavate caudal glands form a close tandem in the anterior third of 
the tail. The anus has rather conspicuous, with well developed, though not protrud- 
ing lips. There is a pair of innervated lateral papillae near the middle of the tail of 
the female. Both in front of and behind the vulva, especially behind, there are 
inconspicuous papillae, occupying a distance equal to twdee to thrice the length of 
the body- diameter. The two equal, arcuate, rather slender spicula are one and 
one-half times as long as the anal body-diameter, and are of nearly uniform size 
throughout the greater part of their length. However, beginning near the slightly 
truncated tips they taper slightly in the distal sixth. The proximal ends are also 
narrowed slightly and lie well toward the dorsal side of the body, at any rate when 
the body is incurved. The two accessory pieces, each about two-thirds as wide as 
the spicula, are located opposite the distal portions of these latter. When seen in 
profile they appear to lie nearly at right angles to the body axis, and seem to cross 
the distal parts of the spicula. They are about two to three times as long as wide, 
and their distal extremities are diminished and bifurcated, the two prongs of the 
fork forming a U-shaped figure. When at rest these accessory pieces, as usual, 
are well inside the anus, in fact appear as if lying immediately under the lateral 
fields. In front of the anus there is a uniform series of about 16 equidistant, 
closely approximated, innervated supplementary organs, occupying a distance about 
equal to the length of the tail. When the tail end of the body is incurved, each 
organ appears on the ventral contour as a flattish cone, at the apex of which is a 
nerve ending, which from this point extends inward and forward. 

Brown, sandy .soil, Arlington Farm, Virginia, U. S. A. This nemativorous mon- 
onch is distinguished from all others by the relative broadness of the pharynx, 
and by the position and size of the basal onchi. Especially well adapted to show the 
structure of the lip muscles and other organs of the head. Fig. 67. 
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57. M. acutus, n. sp. (Esophagus bulbous at first, the swelling being prolate. 
Intestine about 10 cells in girth. The arcuate conoid tail is practically acute. There 
is a pair of 2.6 7.5 22 . 45^ 94 . 

sublateral, 2.7 3.2 3.3 3.4 (2.6 " 

innervated papillae near the beginning of the pos- 
terior third of the tail. Anus not raised. Fig, 68. 

Found about the roots of rhubarb in loose, 
brown, sandy soil, Arlington Farm, Virginia, 

U. S. A. Nemativorous. One specimen was oh- 
served which had swallowed another mononch. 

This is one of the most instructive forms. It is 
desirable that the more minute structural details 
of nemas be very carefully investigated with a view 
to increasing our knowledge of their comparative ^ 
anatomy. The different parts of the digestive or- | 
gans of nemas, small as they are, are as pro- 
foimdly modified in harmony wHth the nature of the x75q 
food as those of higher animals. The digestion of starch requires a different 
organic mechanism from that for digesting meat. The nemas have specialized to 
a high degree in the matter of food, and their digestive organs are correspondingly 
diversified. 

Mononchs and Soil Fertility 

No one with a grain of imagination can engage in siicli studies as the 
foregoing without sooner or later asking himself questions of a general 
nature concerning the biology of the soil ; for he gradually comes to see 
how almost infinitely numerous and varied are the organisms inhabiting 
the soil; a population of which the nemas are only one example'. The 
answers to these questions will lead to a new view of soil fertility. 

The revolution wrought by Liebig’s ideas concerning the chemistry of 
the soil spent itself only to show us that, grand as it was, it was little 
more than an overture. Subtler forces and more intricate relationships 



than any indicated in these earlier conceptions must be considered. We 
now see. or are beginning to see, that the value of manure and of the ro- 
tation of crops is to be explained not simply on the basis of the exhaus- 
tion of certain elements in the soil, but also, and probably in some in- 
stances mainly, on the basis of an opposite process, an accumulation of 
certain organisms and substances in the soil Who knows but that the 
existence of annuals may be due in some measure to this latter fact? May 
not these elaborate provisions for the distribution of the seeds of annuals 
be in some measure a means of escaping these accumulated hostile forces 


in the soil ? 

After all the word Agriculture is more or less of a misnomer. We 
cultivate, not so much the field, as plants. What we are really after is 
sunshine, for we are lost unless we can convert our infinitesimal part of 
the energy’ of this nearest star into food, clothing and shelter. This we 
do by utili^ing the life forces of certain plants and animals, and these arc 
aot so few as we dreamed in our older philosophy, for none of our 
“domesticated organisms” can any longer be considered by itsel . v^r) 
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such organism is reared in the midst of a host of other organisms, visible 
and invisible, and often it is these others that determine agricultural suc- 
cess or failure. 

The soil is the habitation of a vast community of beings with all the 
attributes of other huge agglomerations of living things having varying 
needs, instincts and aspirations; and it is just as inappropriate to look 
upon it as inorganic as it would be to look upon a great city as merely an 
agglomeration of hills, streets and houses. Here in the soil arc beings in 
enormous variety; multiplying, growing, dying; competing, fighting, co- 
operating one with another, with an activity almost if not quite defying 
the imagination, and we need what may be called soil biologists or geo- 
biologists, who shall understand, as far as possible, this interplay of life 
forces that gives us food, fiber and fuel. To a considerable degree our 
progress in agricultural knowledge in the not distant future will be in pro- 
portion to the firmness with which we lay hold of and act on this idea. 

Summary 

1. The genus M ononchus is composed of scores, possibly hundreds, 
of species, divisible into distinct subgenera. The number of known 
species is hereby more than doubled. 

2. The genus is of world-wide distribution, and many of the species 
are cosmopolitan. Mononchs occur in all kinds of arable soil, sometimes 
in hundreds of millions per acre. 

3. Most mononchs, probably all, arc strictly carnivorous. They feed 
on a variety of living microzoa, prominent among which are other nemas. 

4. Injurious nemas are devoured by mononchs, and it is desirable that 
this trait of mononchs be carefully investigated with a view to utilizing it, 
if possible, in diminishing the enormous crop losses due to plant infesting 
nemas — losses amounting to many millions of dollars annually. 

5. The lips are moved by long muscles, connecting proximally with 
the body wall behind the pharynx. These muscles lie along the outer 
surface of the pharyngeal capsule and act in such a way as to pull the 
lips inward and outward radially aboiit a series of fulcra existing in a 
framework encircling the head along the margin of the pharynx. The 
lips are the mechanical complements of the dorsal tooth and denticles. 
While most mononchs bolt their food, some give it a certain degree of 
mastication. The appetite is sometimes voracious. 

6. Many mononchs, probably most, are hermaphroditic, even to the 
degree of syngonism. In the typical case investigated the minute sperm 
cells of female origin are functional. 

7. Well developed glands, salivary in character, occur in the inon- 
onch oesophagus, and empty di.ectly into its lumen, and both indirectly 
and directly into the mouth cavity. 
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8. What appears to be an excretory ^re of th. . , 
universal near the nerve ring. ^ *>'l>e seems 

Uc set® oi other nemas, and are therefo™ — ordinary c^ 


-j 

don. This leaves it probable that tVip Probably tactile 'm func- 

senses of taste and smell. “t the 

“ ” 

elements extending inward and backward. ^ internal 

I2 species. 

11 outicle IS always finely transversely striated. 

13. Mononchs probably moult four times. 
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Appendix 



The above diagram illustrates the decimal formula used herein. 6, 7, 8, 10, 6 are 
the transverse measurements, while 7, 14, 28, 50, 88 are the corresponding longitudi- 

7 . 14 . 28 . 50 . 88 . 

nal measurements. The formula in this case is : 

6 . 7 . 8 . 10 . 6 . 

The unit of measurement is the hundredth part of the length of the body, what- 
ever that may be . The measurements become, therefore, percentages of the length. 
The absolute length is given in millimeters as a final non-paired term. 

The masurements are taken with the animal viewed in profile ; the first are taken 
at the base of the phar 3 mx, the second at the nerve-ring, the third at the cardiac 
constriction or end of the neck, the fourth at the vulva in females and at the 
middle (M) in males, the fifth at the anus. 

Since the measurements vary somewhat with varying technique, brief notes as 
to the method of fixation and preservation are inserted. Usually the formulae rep- 
resent an average of several adult individuals. 

Fig. 68. M. recessus, n. sp. No. 21 -b. Striae excessively 
fine. Lips with 14 papillae. Intestine about 5 cells in girth, 



2.8 6.9 30 . < 63 ^^ 91.5 


■^1.4 at 


faintly tessellated. Cau- 
dal glands small and 


X750^ 


2.2 2.7 2.4 1.6 

inconspicuous. Tail tapering rapidly on the ventral side 
behind the anus ; thence onw^ard arcuate and conoid, with 
spinneret. Habitat : soil of a tomato field, Naranjo, Fla. 
This species, together with decurrens and deniatus, constitute 
the new sub- gen us Sporonchuhi^ ; it is interesting to note 
that so far as known all of them are tropical and below the 
average size. 

Fig. 69. M. decurrens, n. sp. No. 21 c. Striae excessively 
fine. Intestine 7 to 8 cells in girth, the cells packed with 
granules, which, however 2.9 9, 24. T 9S.9 

. . 1 . UK 

do not give rise to a tessel- 2.9 4. 4.2 4.6 2. 

lated appearance. Tail arcuate conoid, tapering from in front 
of the anus. No spinneret, or doubtful; no caudal glands. Ex- 
cretor}' pore (?) just behind the nerve ring. Anus more or 
less elevated. Habitat : Plant Introduction Gardens, Miami, Fla. 

53-b, M. fasciatus, n. sp. Tike M. hathybms, No. 53. Characterized by large, 
powerful lips, set off by a deep constriction, in 2.4 5.6 16. 90. 

the depths of which is a double refractive line. 2.3 2.3 2.4 2.4 1.8 

Teeth 3, small, equal, sub-basal; tail conoid, no spinneret. Papillaj 14, Habitat: 
About roots of camphor, Florida. Nemativorous. 
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THE EPB’ECT OF SOIL REACTION ON THE AVAILA- 
BILITY 01’ AMMONIUM SULFATE' 

By 

R. C. Cook, formerly Research Fellow, and F. E. Allison, Research 
Fellow, Rutgers College 

Introduction 

In ai)plying any iertilizer to a soil it is essential to know the factors 
which influence its availability. Under favorable conditions nitrogenous 
fertilizers which are not already in the nitrate form are rapidly 
nitrified and the nitrate produced assimilated by ])lants. In acid 
soils it has been shown repeatedly that nitrihcatioii proceeds yery 
slowly, but few cases have been reported where the soil pro- 
duced no nitrates at all. If, then, there is always .some nitrification in 
acid soils, is lime absolutely essential for a sufficient (|uantity of nitrates 
to be produced to satisfy the demands of a crop, provided there is a lib- 
eral application of aminoniiim salts or organic fertilizers? To attempt at 
least partially to answer this question from the standpoint of ammonium 
.sulfate, the following experiment was carried out. 

Three soils were chosen, a sand with a lime-rccjiiiremcnt of 3,fXX) 
pounds of calcium oxide per acre, a sandy loam with a similar lime re- 
quirement, and a silt loam with a lime-requirement of 4,000 pounds of 
'calcium oxide. The soils were dried, si wed, thoroughly mixed, and 
iveighcd out into small pots at tlie rate of 5 pounds of sand, 10 pounds 
of sandy loam, and 6.5 pounds for the silt loam per pot. Calculations were 
based on the assumption that an acre- fool of sand weighs 4,000,000 
pounds, sandy loam 3,200,000, and silt loam 2,800,000 pounds. All of 
the pots received an excess of potassium and phosphorous. The amounts 
of calcium oxide and ammonium sulfate varied and are indicated in each 
table separately. The fertilizers were mixed with the entire amount of 
soil in the pots, buckwheat planted and the soil made up to optimum 
moisture . content. Two crops of buckwheat were grown on the same 
soils in the greenhouse. The first of these is reported in Tables T, TI and 
HI. 

First Crop 

■ The crop yields and the per cent of nitrogen in buckwheat from the 
sand are given in Table I. It will be noticed that as the amount of lime 
increased, the crop yields also increased for the smaller applications of 
CaO, where no ammonium sulfate wms applied the maximum croj) pro- 
duced was at 2,000 pounds alkalinity, larger amounts of calcium cxule 
producing a slight decrease. In the presence of ammonium sulfate the 

^Received for publication December 16, 1916. 

(•^ 37 ) 
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largest yield was obtained with the soil still 1000 pounds acid, large 
amounts being harmful or at least less efficient than the smaller applica- 
tions, The per cent of nitrogen in the crop from the pots receiving no 
nitrogen increased with small applications of calcium oxide, but de- 
creased when the soil was made neutral or alkaline. In the case of the 
pots receiving ammonium sulfate, the per cent of nitrc^en shows a 


TABLE I 

THE EFFECT OF SOIL REACTION ON THE AVAILABILITY OF AMMONIUM SULFATE 

IN SAND 


Pot No. 

1 

i 

: Reaction of Soil as 
Pounds CaO 


Yield, gin. 

1 

> 

Increase 
over Check 

Per cent 

Increase 

Per cent N 

1 

^ 1 
ti i ^ 

5 1 i 

4-. V flJ 

Ss6 

U o 

— ^ O 

Per cent 

Increase 

c? 

K > 

1 

; 3000 lbs. 

acid. . , . 

0 

3.0 




1.22 

36.6 I 




2 

3000 lbs. 

acid.. . . 

0 

3.7 

3.35 



1.03 

38.1 37.4 




J 

3000 lbs. 

acid, . , . 

155 

4.9 




1.98 

97.0 




A 

■ 3000 lbs 

acid. . . . 

155 

4.2 

4.55 

1.20 

35.8 

2.15 

86.4 91.7 

54.3 

145.2 

35.0 

S 

2000 lbs. 

acid. . . , 

0 

3.7 




1,33 

49.2 




6 

12000 lbs. 

acid 

0 

3,9 

3.80 



1.33 

51.9 50.6 




7 

2000 lbs. 

acid., . , 

155 

9.2 




1.34 

123.3 




8 

2000 lbs. 

acid. . . . 

155 

7.1 

8.15 

4.35 

114.5 

1.45 

103.0 113.2 

62.6 

123.7 

40.4 

9 

i 1000 lbs. 

acid 

0 

3.2 





1,37 

43.8 




10 

' 1000 lbs 

acid. . . . 

0 

4.0 

3.60 



1.53 

61.2 52.5 




11 

i 1000 lbs. 

acid. . , . 

155 

8.8 




1.39 

122.3 




12 

: 1000 lbs. 

acid.. . . 

155 1 

10.0 

9.40 : 

5.80 

161.1 

1.24 

124.0 123.2 

70.7 ; 

134.7 

45-6 

13 

; Neutral 


0 i 

4.4 




l.OS 

46.2 




14 

j Neutral 


0 ! 

4.5 

4.45 ^ 



1.16 

52.2 49.2 




15 

I Neutral 


155 ! 

10.6 





1.19 

126.1 




16 

1 Neutral 


155 ' 

6.1 

8.35 ^ 

3.90 

87.6 

1.50 

91.5 108.8 

59.6 

121.1 

49.6 

17 

i 1000 lbs. 

alkaline 

0 ' 

4.6 




1.03 

47.4 




18 

i 1000 lbs. 

alkaline 

0 1 

4.9 

4.75 



1.02 

50.0 48.7 , 




19 

1000 lbs. 

alkaline 

155 i 

9.0 ; 




1.06 

95.4 i 




20 

1000 lbs. 

alkaline 

155 

i 7.0 ■ 

8.00 . 

3.25 

68.5 

1.14 

79,8 87.6 

i 38.9 j 

79.9 

: 25.1 

21 

^2000 lbs. 

alkaline 

0 

; 5.6 i 




1.03 

57.7 ! 




22 

i 2000 lbs. 

alkaline 

0 

5.7 ' 

5,65 i 



0.96 

54.7 56.2 ‘ 




23 

■ 2000 lbs. 

alkaline 

155 

! 7.0 ; 




1.37 

95.9 1 




24 

2000 lbs. 

alkaline 

155 

7.8 

7.40 ; 

175 

30.9 

1.11 

86.6 91.3 ’ 

! 35.1 

62.5 

i 22.6 

25 

! 3000 lbs. 

alkaline 

0 ■ 

1 3.1 




: 1.17 

36.3 ; ' 




26 

i 3000 lbs. 

alkaline 

0 ' 

5.7 

4.40 i 



1.19 ■ 

67.8 1 52.1 

1 ! 



27 

,3000 lbs. 

alkaline 

155 ' 

i 7.2 




1 0,99 

71.3 1 




28 

; 3000 lbs. 

alkaline 

, 155 

; 7.5 1 

7.35 1 

2.95 

67.0 

1 1.10 ■ 

82.5 : 76.9 

i 24.8 ' 

; 47.6 

16-0 


rather uniform and marked decrease as the amount of lime added in- 
creases, The percentage recovery of the nitrogen applied increases uni- 
formly from 35 per cent at the highest acidity to 49.6 per cent at the 
neutral point and then again decreases very markedly to 16 per cent at 
the highest alkalinity. 

The results obtained Avith the sandy loam are given in Table IT. In 
the pots receiving no ammonium sulfate it will be noticed that there is 
a marked increase in crop yields as the amount of lime applied in- 
creases, except at the highest rate of application where an appreciable 
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decrease is noticed. The yields where ammonium sulfate was used in 
creased w.th small app ications of calcium oxide, as was true witt the 
sandy so,l. previously d.scussed, but show a decrease with he r^ 
rates of apphcatton. The per cent of nitrogen in tire crop from the o 
receiving no nitrogen shows a steady increase as the amount of lime pres 
emt increases. In the crop from the ammonium sulfate pots the d ffer- 
ences are very slight except in the very alkaline soils which show some 
increases in he per cent of nitrogen. The percentage recovery of the 
nitrogen applied was highest at an acidity of 2000 pounds and de- 
creased as the soil was made more alkaline. 

TABLE II 

THE EFFECT OF SOIL REACTION ON THE AVAILABILITY OF AMMONIUM SULFATE 
IN SANDY LOAM 


Pot No. 

Reaction nf Soil as 
Pounds CaO 

si 

e 

u 

v 

e 

lx 

>" 

Increase 
over Check 

H “ 

I’cr cent N 

x: 

X 

P. 

X; 

U 0 

EVr cent 
fnerease 


29 

3000 lbs. 

acid. . . . 

0 

8.2 





0.74 

60.7 





30 

3000 lbs. 

acid 

0 

8.9 

8.55 



0.79 

70.3 

6.5,5 




31 

3000 lbs. 

acid 

310 

19.6 




L35 

264.6 





32 

3000 lbs. 

acid.. . . 

310 

16.5 

18.05 

9.50 

111.1 

1.39 

229.4 

247.0 

181.5 

277.1 

58.6 

33 

2000 lbs. 

acid. . . . 

0 

10.4 




0.71 

73,6 





34 

2000 lbs. 

acid.. . . 

0 

8.0 

9.20 



0.87 

69.6 

71.7 




35 

2000 lbs. 

acid. . . , 

310 

19.4 




1.25 

242.5 





36 

2000 lbs. 

acid 

310 

21.5 

20.45 

11.25 

122,3 

1.31 

281.7 

262.1 

190.4 

265.5 

61.4 

37 

1000 lbs. 

acid. . . . 

0 

11.7 




0.9.S 

111.2 





38 

1000 lbs. 

acid.. . . 

0 

11.0 

11.35 



0.80 

88.0 

99.6 




39 

1000 lbs. 

acid. . . . 

310 

25.0 




1.19 

297.5 





40 

1000 lbs. 

acid 

310 

i 22.0 

23.50 

12.15 

106.8 1 


; 268.4 

283.C 

183.4 

184,1 

59.1 

41 

Neutral 


0 

1 16.5 




0.76 

125.4 





42 

Neutral 


0 

1 14.3 

15.40 




0.79 

113.0 

119.2 





43 

Neutral 


310 

1 21.2 




1.33 

282.0 





44 

Neutral 


310 

1 21.2 

21.20 

5.80 

37,7 1 

1.31 

277.7 

279.9 

160.7 1 134.8 

5L8 

45 

1000 Ihs. 

alkaline 

0 

1 15.8 




0.93 

; 146.9 





46 

1000 lbs. 

alkaline 

: 0 

; 15.2 

15.50 : 


0.93 

^ 141.4 

144.2 




47 

1000 lbs. 

alkaline 

310 

23.1 




1.17 

270.3 





48 

1 1000 lbs. 

alkaline 

; 310 

21.5 

22.30 

6.80 

43.9 

1.41 

1 303.2 

286.8 

142.6 

98.9 

46.0 

49 

aooo lbs. 

alkaline 

0 

16.5 




1.06 

; 174.9 





50 

2000 lbs. 

alkaline 

0 

17.8 

17.15 




0.93 

i I65.S 

170.2 




SI i 

i2000 lbs. 

alkaline 

310 

20.3 




1.33 

; 270.0 





52 

1 2000 lbs. 

alkaline 

1 310 

16.5 

18.40 

1.35 

7.9 

1.71 

282.2 

276.1 

10S.9 

; 62,2 

34,1 

53 

1 3000 lbs. 

alkaline 

i ^ 

14.4 




1.25 

: 180.0 





54 

: 3000 lbs. 

alkaline 

0 

14.9 

14,65 



1.24 

i 184.8 

! 182.4 




55 

! 3000 lbs. 

alkaline 

‘ 310 

19.4 




1.66 

322.0 

j 




56 

13000 lbs. 

alkaline 

: 310 

21.3 

20.35 

5,70 

38.9 

1.53 

! 325.9 

1 324.0 

141,6 

: 77.6 

45-7 


In Table III the data obtained for the silt loam are tabulated. The 
figures show an increase in crop yield of from 14.15 gm. at an acidity 
of 4000 pounds to 23 gm. at 3000 pounds alkalinity in the absence of 
other than soil nitrogen. With ammonium sulfate present, liming had 
little effect on the crop yields. In the per cent of nitrogen there is little 
difference due to liming. 
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Second Crop 

After harvesting the buckwheat from the above pots the upper two 
inches of soil in each pot were cultivated, buckwheat again planted and 
the same amoitnt of ammonium sulfate added to the pots as was origin- 
ally used. The ammonium sulfate was added in solution to the surface 
of the soil. No additional potash or phosphorous was applied. 


TABLE III 

THE EFFECT OF SOIL REACTION ON THE AVAILABILITY OF AMMONIUM SULFATE 
IN SILT LOAM 


Pot No. 

Reaction of Soil as 
Pounds CaO 

Mar. N 

Added 

Yield, gm. 

S 

bc 

Increase 
over Check 

Per cent 

Increase 

Per cent N 

’ 

/■ 

bi: 

% 

0 

H 

^ i 

> 

< 

Increase 
over Check 

j 

c « 

I’er cent N 
Recovered 

57 

4000 

Ihs. 

acid- , , . 

0 

14.4 




0.86 

123.8 





58 

4000 

Ihfi. 

acid. . . . 

0 

13.9 

14.15 



0.87 

120.9 

122.4 




59 

4000 



207 

21.9 




1.14 

249.7 





60 

4000 

lbs. 

acid. . . . 

207 

21.4 

21.65 

7.50 

53.0 

1.19 

254.7 

252.2 

129.8 

106.0 

62.7 

61 

3000 



0 

14.6 




0.87 

127.0 





62 

3000 

lbs. 

acid. . . , 

a 

14,0 

14,30 




1.13 

158,2 



142.6 




62 

3000 

Ihs. 

acid. . . . 

20? 

22.7 




1.11 

252.0 





64 

3000 

lbs. 

acid. . . . 

20? 

21.6 

22.15 

7.85 

54.9 

1.27 

274.3 

263-2 

120.6 

84.6 

58.2 

65 

2000 

lbs. 

acid 

0 

16.5 




0.83 

137.0 





66 

2000 

lbs. 

acid 

0 

14.5 

15,50 



0.99 

143.6 

140.3 




67 

2000 

lbs. 

acid. . . . 

207 

24.1 





1.16 

279.6 





68 

2000 

Ills. 

acid. . . . 

207 

23.2 

23.65 

8.15 

52.6 

1.19 

276.1 

277.9 

137.6 

98.1 

66.S 

69 

1000 

lbs. 

acid. , . . 

0 

17.0 




0.73 

124.1 





70 

1000 

lbs. 

acid. . , . 

0 

16.0 

16.50 



0.98 

156.8 

i 140.5 ! 




71 

1000 

lbs. 

acid. . . , 

207 

24.0 




1.21 

i 290.4 

I i 




72 

1000 

lbs. 

acid 

207 

20.7 

22.35 

5,85 

35.5 

1.35 

279.5 

I 285.0 1 

144.5 

; 102.8 

69.8 

73 

Neutral 


0 

17.1 




0.98 

: 167.6 





74 

Neutral 


0 

13.9 

15.50 



1.08 

] 148.1 

157.9 1 




75 



^07 

24-1 




1 13 

] 272.3 

1 i 




76 

Neutral 


207 

20.6 

22.35 

6.85 

44,2 

1.45 

1 298.7 

1285.5 

127.6 

^ 80.8 

61.6 

77 

1000 

lbs. 

alkaline 

0 

i 18.2 




0.90 

j 16.3.8 





78 

1000 

lbs. 

alkaline 

' 0 

1 18.0 

18.10 



1.03 

1 185.4 

) 174.6 , 




79 

1000 

lbs. 

alkaline 

207 

j IS.O 




1.45 

j 261.0 





.80 

1000 

lbs. 

alkaline 

207 

i 23.0 

' 20.50 

: 2.40 

: 13,3 

1.25 

i 287.5 

1 274.3 

, 99.7 

; 57.1 

48.1 

81 

2000 

lbs. 

alkaline 

0 

I 16.8 





0.87 

146.2 





82 

2000 

Ib.s. 

alkaline 

! 0 

[ 19.0 

^ 17.90 



0.92 

174.8 

i 160.5 ' 



i 


83 

2000 

lbs. 

alkaline 

207 

i 23.6 




1.21 

285.6 



1 


84 

2000 

lbs. 

alkaline 

207 

; 24.6 

■ 24.10 

1 6.20 

.34.6 

: 1.16 

279.4 

282.5 

1 122,0 

76.0 

58.9 

85 

3000 

lbs. 

alk.aline 

0 

1 23.0 




i 1.07 

246.1 





86 

3000 

lbs. 

alkaline 

’ 0 


1 23.00 





246,1 




87 

3000 

lbs. 

alkaline 

; 207 

I 22.4 




; 1.39 

311.4 





88 

3000 

Ihs. 

alkaline 

: 207 

1 24.7 

; 23.55 

. 0.S5 

2,4 

1.25 

308.8 

310.1 

j 64.0 

26.4 

30.9 


The results obtained wdth the sand are given in Table IV. The yields 


in the sand are largest near the neutral point where no nitrogen was ap- 
plied and decrease somewhat as more lime is added, but the decrease is 
probably due to the smaller amounts of nitrogen in these soils because 
the previous crop had bceti larger. With ammonium sulfate the best 
results are obtained near the neutral point. At the highest acidity it 
will be noticed that no crop could be grown in the presence of the rela- 
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tively largs amount of ammonium sulfate. The per cent of nitrogen in 
the crop varied only slightly in the check pots, but in the nitrogen pots 
there is always a marked decrease as the crop yield increases. Th^ more 
acid soils, therefore, show the higher p:r cent of nitrogen. The recovery 
of nitrogen is small because of the large amount ap])lied and the liniiteli 
quantity of soil used. There is a fairly uniform decrease as the ap- 
plication of lime increases. 

t.\elh: IV 

the effect of soil reaction on the AVAlLAlHLi rV OF AMMOXUAI SULFATE 

IN SAND 


! 

0 

'4 

o 

P- 

Reaction of Soil as 
Pounds CaO 

ti-r 

6 

i ^ 

1 

3000 Ills, acid 

a 

1.2 i 

2 

3000 !hs. acid.... 

0 

1.1 ; 1.15 ’ 

3 

3000 Iby. acid..,. 

155 

0.0 


3000 Ids aci-l 

155 

0.0 : 0.00 

5 

2000 Ihs. acid,... 

0 

1.1 : 

6 

2000 lbs. acil... 

0 

1.2 ; 1.15 

7 

2000 lbs. arid 

15.5 

3.3 .... 

fi 

2000 lbs. acid 

155 

2.9 3.10 

9 

1000 L'S. arid 

0 

2.0 ■ 

10 

1000 l:s acid 

0 

1.0' 1.50 

11 

1000 lb?, acid.... 

155 

3.8 

12 

1000 lbs. acid 

155 

3.6 3.70 

1.3 

Neutral 

0 

2.0 

14 

Neutral 

0 

1.0 ■ 1.50 

15 

Neutral 

155 

3.4 ! 

16 

Neutral 

155 

‘ 4.S 4.10 

17 

lOOO lbs. alkaline 

0 

1.0'..... 

U! 

1000 lbs. alkaline 

0 

l.O 1.00 

19 

1000 lbs. alkaline 

155 

: 2.7 : 

20 

1000 lbs. alkaline 

155 

3.5 ^ 3.10 ; 

21 

2000 lbs. alkaline 

0 

: 0.8 ■ 

22 

2000 lbs. alkaline 

0 

0.8 ■ 0.80 

23 

2000 lbs. alkaline 

155 

3.0 

24 

2000 lbs. alkaline 

155 

,3.1 3.05 

25 

3000 lbs. alkaline 

0 

1.0 

26 

3000 lbs. alkaline 

0 

^ 1.8 1.40 

27 

-3000 lbs. alkaline 

155 

3.7 

28 

3000 lbs. alkaline 

1 155 

4.0 3.85 


1.L3 

lAi IJ.H U..S 

0.0 

n.o D.o li.s 


71.1 570 W)A 

> 0 ..^ 

9.3 14.S 

59.7 

63.7 61.7 46.9 316.' 

17.4 

7.7 12.6 ■- 

52.7 

64.8 58.8 46.2 ,366. 

9.5 

10.1 9.8 

.37.5 

58.1 47.8 38.0 387. 

8.4 

7.8 K .1 

45.0 

53.3 . 49.1 41.0 506. 

13.8 -• 

18.2 , 16.0 

54.8 

59.6: 57,2 41,2 237 


Ihe yieius lor me saiiuv ludm 

loam there Is a gradual increase uith variations in the amount of ern,) 
produced with the increasing applications of calcium oxide. .\s will be 
remembered, the first crop from these pots had shown decreases at I le 
higher rates of application. The per cent of nitrogen m the crop agrees 
well with the results obtained in the sand, the differences m the checks 
due to liming being very small, but in the presence of ammonium mi - 
fate there is a decrease with the increase in the amount of calcium oxide 
or, in other words, with the increase m crop yields. Sma aiiou 
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lime increased the recovery of nitrogen and were just as efficient from 
this standpoint as the larger applications. 

The second crop of buckwheat from the silt loam soil is given in 
Table VI together with the per cent of nitrogen in the crop. The second 
crop from the silt loam soil shows slight effects as a result of liming, 
but these small differences point to the neutral point as the best reaction. 
The per cent of nitrogen in the crop remains fairly constant, but with 
some tendency for the check pots to show the largest amount of nitro- 
gen wliere the crop is the largest. The percentile recovery of nitro- 
gen dees not change greatly regardless of the amount of lime applied. 

TABI.E V 

THE ErFECT OF SOIL KEACTION OX THE AVAILABILITY OF AMMOXIUM SULFATE 
IN SANDY LOAM 


Reaction of Soil as ;g 

6 Pounds CaO — 

^ 5 SI ; O -s ; ^ i i SS ; 


c 

t- 




ii!5 


>' 

< 

i ncr 
over 

Per 

Inci 

Per 

H 


! cS 

29 

3000 

lbs. 

acid. . . . 

0 

2.5 




l.Ot 

2S.3 


1 ^ 

30 

3000 

lbs. 

acid. . , . 

0 

2.2 

2.35 



1.00 

22.0 

23.7 


31 

3000 

lbs. 

acid. . . . 

310 

4.0 




2.37 

94.8 




32 

3000 

lbs. 

acid. . . . 

310 

3.1 

3.55 

1.20 

51.1 : 

2.90 

89.9 

92.4 

68.7 i 289.9 1 22.2 

33 

2000 

Ihs, 

acid 

0 

4.3 





1.20 

51.6 


i i 

34 

2000 

lbs. 

acid 

0 

3.6 

3.95 



1.07 

38.5 

45.1 

i : 

35 

^ 2000 

lbs. 

acid.. . , 

310 

7.1 




1.77 

125.7 



36 

^ 2000 

lbs. 

acid. . , , 

310 

7.S 

7.30 

3.35 

84.8 

1.66 

124.5 

125.1 

80.0 177.4 ! 25.8 

37 

1000 

lbs. 

acid. . . . 

0 

3.5 




0.73 

25.6 


) j 



Ib*^ 

nrirl 

0 


3.7^ 



0.98 

39 2 

32.4 

1 

39 

: 1000 

lbs. 

acid.. , . 

310 

6.9 




2.06 

142.1 


40 

^ 1000 

lbs. 

acid. . . 

310 

<s.o 

7.45 

3.70 

98.7 

1.72 

137.6 

139,9 

107.5 351,8 ^ 34.7 

41 

' Neutral 


0 

4.3 




1.14 

50.2 



42 

; Neutral 


1 ^ ' 

; 5.7 1 

5.0S 



0.97 

55.3 

1 52.8 


43 

! Neutral 


310 ; 

9.1 ^ 




1.59 

144.7 . 



44 

: Neutral 


310 : 

10.0 i 

9.55 

4.50 

89.1 

1.57 

157.0 : 

^ 150.9 1 

; 98.1 : 185.8 31.6 

45 

: 1000 

lbs. 

alkaline 

! 0 

; 3.6 

1 



0.98 

35.3 , 



46 

1000 

lbs. 

alkaline ' 

0 ' 

; 6.2 

4.9C 



1.00 

62.0 

48.7 

! j : 

47 

1000 

lbs. 

alkaline j 

310 

10.5 ' 




1.48 

155.4 



48 

■ 1000 

lbs. 

alkaline 

310 ' 

10.1 1 

i 10.30 

! 5.40 ^ 

110.2 ’ 

1.35 

136.4 

145.9 

97.2 i 199.5 > 31.3 

49 

2000 

lbs. 

alkaline . 

0 I 

6.4 ! 




1.21 

77 A ; 


j j . ... . 

50 

i 2000 

lbs. 

alkaline 1 

0 ' 

5.4 

5.90 



1.02 

55.1 1 

66.3 

I ! 

51 

2000 

lbs. 

alkaline 

310 1 

11.9 




1.40 

166.6 : 


j 

52 

: 2000 

lbs. 

alkaline 

310 ; 

12.2 

12.05 1 

6.15 

104.3 

1.39 

169.6 1 

168.1 

101.8 153.6 1 32.8 

S3 

: 3000 

lbs. 

alkaline 

0 1 

7.2 

i 



0.86 

61.9 


] 

54 

: 3000 

lbs. 

alkaline 

0 ! 

5.3 

6,25 ' 



0.91 ■ 

48.3 

55.2 1 

1 i 

55 

: 3000 

IhF, 

alkaline ; 

310 i 

10.4 




1.47 

152.9 


1 1 : 

1 j 

56 

: 3000 

lbs. 

alkaline 1 

.310 1 

12.2 

11.30 1 

, 5.05 ■ 

RO.a ■ 

1.35 

164.7 

163,8 ' 

1 108.6 ' 196.7 ' 35.0 


In order to show better the relation of lime to crop yields and to the 
availability of ammonium sulfate, the results reported above are sum- 
marized in Tables VII, VIII, and TX, and shown graphically in figures 
1 and 2. These give the results for two crops covering a period of ap- 
proximately 6 months. 
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By referring to figure 1 it may be seen that the largest crop in the 
pots receiving no ammonium sulfate was always vhere the soil was 
markedly alkaline. In the case of the sand, lime had little effect be- 
cause there was such a small amount of nitrogen present. In the sandy 
loam there is a gradual increase from 10.90 gm. at the highest acidity to 
23.05 gm. at 2000 pounds alkalinity, and then a slight decrea.se with 
larger applications. In the silt loam, which was fairly fertile and prob- 
ably had plenty of available nitrogen, lime shows some increase, but not 
marked. The most alkaline pots did not show any drop in yield as was 
noticed in the sandy loam. 

TABLE VI 

the effect of soil REACTIOX ox the AV AlLAiULlTY OF AMMONU’M SCI. FATE 
IX SILT loa:^i 
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ution in the yields. In the two heavier soils small amounts of lime also 
produced nearly as large an increase in crop as did the larger amounts. 

Tables VII, VIII, and IX give the per cent of nitrogen and the total 
recovery in the crop. In practically all cases the total amount removed 
from each pot by the two crops bears a direct ratio to the crop yields. 
As one increases the other also increases, and for this reason it is not 
necessary to show the results diagramatically. 


TABLE VII 

SUMMARY— THE EFFECT OF SOIL REACTION ON THE AVAILABILITY OF 
AMMONIUM SULFATE IN SAND 


Reaction of Soil as i 
Pounds CaO 


1 

3000 

r;s. 

acid .... 

0 

4.2 





. . 49.9 


2 

3000 

lbs. 

acid. . . . 

0 

4.8 

4.50 




.. 50.3 

50. 

3 

3000 

lbs. 

acid 

310 

4.9 





. . 97.0 


4 

3000 

lbs 

acid. . . . 

310 

4.2 

4.55 

0. 

05 

1. 

11 , 86.4 

91. 

S 

2000 

lbs. 

acid 

0 

4.8 





.. : 64.1 


6 

2000 

lbs. 

acid.. . , 

0 

5.1 

4.95 




. . : 64.4 

64. 

7 

2000 

lbs. 

acid. . . . 

310 

12.5 





.. 195.6 


8 

2000 

lbs. 

acid 

310 

10.0 

11.25 

6. 

30 

127 

.3 172.9 

184. 

9 

1000 

lbs. 

acid 

0 

5.2 





64.1 


10 

1000 

lbs 

acid 

0 

5.0 

5.10 




. . , 70.5 

67. 

11 

1000 

lbs. 

acid 

310 

12.6 





.. 182.0 


12 

1000 

lbs. 

acid.. . . 

310 

13.6 

13,10 

8. 

00 

156 

.9 187.7 

184. 





6 4 





. . 63.6 


14 

Neutral 


0 

5.5 

5.95 




. . 59.9 

61. 

IS 

Neutral 


310 

14.0 





. . 178.8 


16 

Neutral 


310 

10.9 

12.45 

1 

50 

109 

.2 156.3 

167. 

17 

1000 

lbs. 

alkaline 

0 

5,6 





. . 56.9 


18 

1000 

lbs. 

alkaline 

0 

5.9 

5.75 




. . 60.1 

58. 

19 

1000 

lbs. 

alkaline 

310 

11,7 





. . ^ 132.9 


20 

1000 

lbs. 

alkaline 

310 

10.5 

11.10 

; 5. 

35 

93 

.0 137.9 

135. 

21 

2000 

lbs. 

alkaline 

0 

6.4 





. . : 66.1 


22 

2000 

lbs. 

alkaline 

0 

6.5 

6.45 




..I 62.5 

64. 

23 

2000 

lbs. 

alkaline 

310 

10.0 ; 





. . 140.9 


24 

2000 

Ihs. 

alkaline 

310 

10.9 

10.45 1 

4. 

00 

62 

.0 139.9 

140. 

25 

3000 

lbs. 

alkaline 

0 

4.1 





. . ! 50. u 


26 

3000 

lbs. 

alkaline 

0 

7.5 

5.80 




. . I 86.0 : 

68. 

27 

3000 

Ibfi. 

alkaline 

310 

10.9 





. . i 126.1 ' 


28 

3000 

lbs. 

alkaline 

310 

11.5 : 

11.20 

' s. 

40 ! 

: 93 

.1 i 142,1 

134. 


I : ^ 

1 

- 


6£ c ^ ! c r 

i ^ 


' ■ - i 

! “ i w j 


ti? 1 

> 

\ < 

■ 

\ h 



The percentage recovery of the nitrogen applied increases with the 
smaller applications of lime and then usually decreases. This decrease 
may be misleading unless we remember that, except in the sand, the 
check pots showed more of a tendency to increase as the lime content 
increased than did the pots receiving ammonium sulfate. This increase 
of the checks naturally lowers the percentage recovery of the nitre^en 
applied. 




loss is greater and the expense of the lime itself is great. Perhaps by 
making smaller applications but more frequently, less lime would serve 
tliC purpose. The organic nitrogen would be made available only as 
the crop needed it and there would be less chance of oxidizing the soil 
organic matter to such an extent as to leave the soil in a worse condi- 
tion than before lime was used. Perhaps with some crops, such as the 
legumes, much larger applications of lime would be required than was 
found to he necessary for buckwheat. 

(iii— 37) 
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From the standpoint of the utilization of the nitrogen applied, the 
results already given show that the heavier the ,soil the less effect cal- 
cium oxide has in increasing the availability of the ammonium sulfate. 
A slight acidity in a sandy soil would no doubt cause a greater injury to 
crops than three or four times that acidity in the heavier soil. Buck- 
wheat seems to use ammonium sulfate almost as well in the heavier soils 


TARLK IX 

SUMMARY— THE F.l'EECT OF SOIL REACTtOX OX THE AYAILABIETTY OF 
AMMONIUM SULFATE T\ SILT LOAM 


0 

o 

Reaction of Soil as 
Pounds CaO 

PK 

c 

s 

K 

5 

< 

Increase 
over Check 

per cent 

Increase 

Total Mcr. N 

k: 

ti 

> 

< 

Increase 
over Check 

Per cent 

Increase 

c r 

y > 

57 

4000 lbs. 


0 

16.2 




144.1 


j : 

58 

4000 lbs. 


0 

16.2 

16.20 




144,6 

144.35 


59 

4000 lbs. 


414 

30.7 




350.0 


' 

60 

4000 lbs. 

acid, . . , 

414 

32.6 

31.65 

15.45 

95.3 

360.3 

355.15 

210.80 1 146.0 

50-9 

61 

3000 lbs. 


0 

18.2 




165.5 


.. 



62 

3000 lbs. 


0 

17.1 

17.65 



189.5 

177.50 

1 

63 

3000 lbs. 


414 

32.9 




354.0 



64 

3000 lbs. 

acid. . . . 

414 

31.9 

31.40 

13.75 

77.9 

383.5 

368.75 

191.25 

107.7 

46.2 

65 

2000 lbs. 


0 

19,9 




177.8 





66 

2000 lbs. 

acid. . . . 

0 

16.8 

18.35 



168.4 

173.10 




67 

2000 lbs. 


414 

34.2 




377.4 





68 

2000 lbs. 

acid. . . , 

414 

32.7 

33.45 

15.10 

82,3 

388.2 

382.80 

209.70 

121.1 

50.7 

69 

1000 lbs. 


0 

20.0 




156.8 






70 

1000 lbs. 

acid. . . . 

0 

18.6 

19.30 



187.5 

172.15 





71 

1000 lbs. 


414 

33.5 




383.5 





72 ‘ 

1000 lbs. 

acid. . . . 

414 ' 

31.7 

32.60 

13.30 

68.9 

346.3 

364.90 1 

192.75 

111.9 

46.6 

73 



0 

19.7 

1 



197.8 





74 

Xeutral 


0 i 

16.9 

18.30 



186.5 

192.15 




75 



414 j 

36.0 ^ 




391.3 





76 

Xeutral 


^ 1 
414 ! 

34.7 

i 35.35 

17.05 

93.2 

420.0 

i 405.65 

213.50 

111.1 

51.6 

77 

1000 lbs. 

alkaline 

0 i 

21.0 ' 




195.2 





78 

1000 lbs. 

alkaline 

0 1 

20.7 j 

20.85 ■ 



217.3 

206.25 




79 i 

1000 lbs. 

alkaline 

414 ' 

33, m 




407.5 






80 1 

1000 lbs. 

alkaline 

414 

34.3 i 

33.70 ^ 

12.85 

61.6 

392.6 

400.05 

193.80 

94.0 

46.8 

81 1 

2000 lbs. 

alkaline 

0 

20.1 i 




187,1 





82 

,2000 lbs. 

alkaline 

0 

22.4 i 

21.25 



21? 0 j 

202.05 





83 

2000 lbs. 

alkaline 

414 

34.7 




394.4 ! 





84 

2000 lbs. 

alkaline 

414 

37.9 

36.30 j 

15.05 1 

78.2 

412.4 ! 

403,40 

201.35 

99.7 

18.6 

85 ' 

3000 lbs. 

alkM ine 

Q 

26.5 




289.9 





86 

3000 lbs. 

alkaline 

0 

26.50 ! 

i 


289.90 





87 ^ 

3000 lbs. 

iilkfllinc 

414 

35.2 i 




433.0 j 





88 i 

3000 lbs. 

alkaline 

414 

37.6 ! 

36.40 i 

9.90 1 

37.3 

437.8 1 

435.40 

145.50 

50.2 

35.1 


in the absence of lime as in its presence. By referring to the summary 
tables it may be seen that wholly from the standpoint of percentage re- 
covery of nitrogen or, in other words, availability, lime is not really es- 
sential, or if so, only in very small amounts. While it is true that liming 
an acid soil does increase the crop growth, yet the recovery of nitrogen 
is just as likely to be decreased as increased. This is partially explained 
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by the stimulating effect of the lime on bacterial artivo-. , ■ ■ 

the making available of the organic nitrogen to such an extenri to’mjv 
p^. the needs of the crop wuhout the use of ammonium sulfate Or othir 
art.fiaal fertd.zers. St.ll another factor to be considered is the 
0 , the crop. Qu.te often, as occurred in the case of the sandy soi ' tl 
ptr cent o n.trogen m the crop receiving ammonimn sulfate but no'l 
.s larger than that grown m the presence of lime. In ,1ns case ,h 

.sma ler crop .s h.gher m protein and shows high utili^at.ou of the ,>lant- 
food applied. ' 



Fig, 1 . — Yields of buckwheat in relation to soil reaction in the absence of am- 
monium sulfate. 


These results show, then, that buckwheat either takes up nitrogen in 
the form of ammonia or that nitrification proceeds to an a])preciable ex- 
tent in acid soils. While It has been reported that buckwheat can not 
utilize ammonia, the mere fact that the per cent of nitrogen in the crop 
from the more acid soils is higher than from the alkaline soils would in- 
dicate that ammonia was used. Perhaps the acidity alone is the factor 
which caused the storing up of such large amounts of nitrogen in the tis- 
sues. On the other hand, if the plants used only nitrate nitrogen, then 
the ammonium sulfate must have been nitrified as rapidly in the acid 
soils as it was needed. In the limed soil there are undoubtedly more 
nitrates formed but the bacterial activities are also greatly increased, 
making necessary a greater assimilation by these lower forms, and possi- 
bly less nitrogen is actually available for the crop than in the acid soil. 
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The )’ield of dr>' matter on the acid soils is low, not because of lack of 
available nitrogen, phosphorous, or potassium, but probably because of 
the unfavorable medium in which the plants must grow. 



Llms Recjulpenient tis Pounds of Calcium Oxide per Acre 

Fig. 2. — Yields of buckwheat in. relation to soil reaction in the presence of am- 
monium sulfate. 

Summary 

The results reported in this paper may be summarized as follows : 

1. Small applications of calcium oxide produced practically as large 
yields of buckwheat as where enough lime was added to neutralize all of 
the acidity or make the soil distinctly alkaline. 

2. Buckwheat grown on the more acid soils usually showed a higher 
per cent of nitrogen but the total yield of the crop was smaller. For this 
reason the recovery of the nitrogen from the more acid soils in many 
cases w^as as great as, or even greater thanlhat from the alkaline soils. 

3. The beneficial effects of calcium oxide on acid soils were much 
more noticeable on the sandy soils than on the silt loam. 

4. The addition of calcium oxide to acid soils allows the soil nitro- 
gen to be made available to such an extent as to supply the needs of the 
crop. Hence; the use of ammonium sulfate on alkaline soils may pro- 
duce a smaller increase in yield over checks than where the same amount 
of the fertilizer is added to an acid soil. 

5. Buckwheat is able to utilize the nitrogen from ammonium sulfate 
at an acidity of 3,000 to 4,000 pounds of calcium oxide per acre. The 
nitrogen is either taken up as ammonia or else nitrification proceeds to a 
considerable extent in the presence of the acid. 





